Digital Library

Land resources series

Natural resources research

2003

Nyabing-Kukerin area land resources survey
H M. Percy
Dennis van Gool
Geoff Allan Moore
Noel R. Schoknecht
National Landcare Program (Australia)

See next page for additional authors

Follow this and additional works at: https://researchlibrary.agric.wa.gov.au/land_res
Part of the Agriculture Commons, Natural Resources Management and Policy Commons, and the Soil
Science Commons

Recommended Citation
Percy, H M, van Gool, D, Moore, G A, Schoknecht, N R, National Landcare Program (Australia), and Natural
Heritage Trust (Australia). (2003), Nyabing-Kukerin area land resources survey. Department of Primary
Industries and Regional Development, Western Australia, Perth. Report 18.

This report is brought to you for free and open access by the Natural resources research at Digital Library. It has
been accepted for inclusion in Land resources series by an authorized administrator of Digital Library. For more
information, please contact library@dpird.wa.gov.au.

Authors
H M. Percy, Dennis van Gool, Geoff Allan Moore, Noel R. Schoknecht, National Landcare Program
(Australia), and Natural Heritage Trust (Australia)

This report is available at Digital Library: https://researchlibrary.agric.wa.gov.au/land_res/18

ISSN 1033-1670
AGDEX 526

A N D

R E S O U R C E S

SERIES

No. 18
N Y A B I N G - K U K E R I N AREA
L A N D R E S O U R C E S SURVEY

M

Department of
Agriculture

ISSN 1033-1670

NYABING-KUKERIN AREA LAND
RESOURCES SURVEY

by Heather Percy
L a n d Resources Series No. 18

,it.NMeA,
oAv 4VAIVZ 2',

*
o
''',..,•,„.„.
RN Au

a

Department of

Agriculture

c
Department o f Agriculture, Western Australia
3 Baron-Hay Court
South Perth 6151

Part funded by the National Landcare Program and National Heritage Trust

NYABING - KUKERIN AREA LAND RESOURCES SURVEY

2

NYABING - KUKERIN AREA LAND RESOURCES SURVEY

The author:
Heather Percy
Soil Resource Officer
Natural Resource Assessment Group
Department o f Agriculture, Western Australia

Present address:
Bunbury District Office
North Boyanup Road
(PO B o x 1231)
Bunbury W A 6231

National Library o f Australia
Cataloguing-in-Publication entry
Percy, H.M. (Heather Mary-Rose), 1963-.
Nyabing-Kukerin area land resources survey.
Bibliography
ISBN 0-9750727-7-3

1. Land use surveys - Western Australia— Nyabing and Kukerin Regions. 2. Soil surveys
Western Australia - Nyabing and Kukerin Regions. 3. Land capability for agriculture Western Australia - Nyabing and Kukerin Region. I. II. Department o f Agriculture, Western
Australia. Natural Resources Assessment Group. III. IV. Title. (Series: Land resources series;
no. 18).

33.73099412
Cover Photo: Cultivated paddock within the Kukerin System overlooking Lake Grace North
in the Lagan System (photo: Melanie Roberts)

© State o f Western Australia 2003

3

NYABING - KUKERIN AREA LAND RESOURCES SURVEY

Siunary
This report presents results from soil and landform mapping at a scale of 1:150,000 in the
Kukerin, Lake Grace and Nyabing areas o f Western Australia. This land resource information
has been collected to help improve the decisions made by planners, researchers and land
managers. The inforniation can be used at the regional scale, catchment scale and farm level.
By improving knowledge o f our land resources, more sustainable land uses can be developed
within the region.
The soil-landscape map o f the area covers approximately 515,000 hectares and is included on
the accompanying interactive CD-ROM. The map extends from Lake Grace in the north-east
through Nyabing to Gnowangerup in the south-west. It includes the towns o f Kukerin and
Ongerup. The western portion o f the survey area falls within the Blackwood River catchment
and the eastern portion within the Avon catchment. In the southern portion o f the survey area,
the Pallinup River drains to the south coast o f Western Australia. The Nyabing-Kukerin
survey area occurs in the Lake Grace, Narrogin and Katanning advisory districts o f the
Department o f Agriculture, Western Australia.
Twelve soil-landscape systems have been identified and are represented on the soil-landscape
map. Most of these systems have been divided further into subsystems. Descriptions of the
main soils, landforms, geology, land use and native vegetation of each system are provided on
the accompanying CD-ROM. The proportions of main soils and land units occurring within
each subsystem are also presented.
More than eighty soils are identified in this report with detailed descriptions available on the
accompanying CD-ROM. These descriptions include a representative soil profile with
chemical and physical analyses where available. The main land management characteristics
and the native vegetation are also listed for each soil.
This report discusses the soil properties and land degradation hazards associated with each
main soil. This gives a broad overview of the capability o f the soils. More comprehensive
ratings of land qualities, as well as specific land capability assessments and maps, are
included on the accompanying CD-ROM.
Information on land use history, geology and physiology, climate, native vegetation and
previous soil surveys are included in this report. These sections provide the reader with
additional background material about the land resources within the survey area.

4

NYABING - KUKERIN AREA LAND RESOURCES SURVEY

Summary
Introduction
How to use this report and CD-ROM
History o f land use
Climate
Geology and physiography
Native vegetation
Previous surveys
Survey methods
Mapping units
Soils
Interpretation o f land resource survey results
Glossary
Acknowledgments
References

Contents

4
6
9
11
14
20
21
25
27
30
41
50
56
60
61

Appendices
1.
2.
3.

Full list o f soils and map units
Botanical species
Laboratory analysis o f soils

65
69
71

Tables
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Mean and median monthly and yearly rainfall for representative locations (Clewett et al. 1999)
Selected rainfall statistics for representative locations (Clewett et al. 1999)
Temperature data for representative locations (Clewett et al. 1999)
Pan evaporation (mm/day) data from representative locations (Clewett et al 1999)
Description o f the Vegetation Systems for the Nyabing-Kukerin survey (Beard 1980, Beard 1981)
Areas o f native vegetation remaining for shires in the Nyabing-Kukerin survey
Areas o f native vegetation remaining for each soil-landscape system in the Nyabing-Kukerin survey
Soil-landscape systems within the Nyabing-Kukerin survey and their place in the mapping hierarchy
Areas o f WA soil groups and percentage o f survey area
Australian Soil Classification Orders in the survey area (Isbell 2002).
Soil Series in the survey area, grouped by Soil Groups.

16
16
17
18
22
23
24
37
44
48
49

Figures
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Location o f the Nyabing-Kukerin survey
Average annual rainfall received in the Nyabing-Kukerin survey.
Crop variety recommendation areas in the Nyabing-Kukerin survey
Location o f soil-landscape mapping in relation to the Nyabing-Kukerin survey
Distribution o f field sites within the survey area
Hierarchy of soil-landscape map units used in this report.
Relationship between mapping units (subsystem or subsystem phases) and land units
Soil-landscape provinces and zones in the Nyabing-Kukerin survey area
Soil-landscape systems in the survey area
Typical soil catena in the north o f the survey area (Kukerin & East Katanning Systems)
Typical soil catena in the south o f the survey area (Nyabing & Upper Pallinup Systems)
Soils and landforms in the salt lake systems (Lagan and Pingrup Systems)

Interactive CD-ROM
(In plastic pocket at the back. See How to Use Report and CD-ROM for its contents.)

8
15
19
26
28
31
32
35
38
41
42
43

NYABING - KUKERIN AREA LAND RESOURCES SURVEY

Introduction
The objectives of the Nyabing-Kukerin survey were:
•

to provide a mapped inventory o f soils and landforrns at a regional scale (1:150,000) for
the Kukerin and Nyabing 1:100,000 map sheets;

•

to identify and characterise the soils in this area;

•

to publish the results as a technical report and map as well as making them available in
digital form;

•

to provide soils information and assist in soil mapping workshops for groups of
landholders working on farm and catchment planning;

•

to disseminate information on the nature and extent of soils in the survey area for research
and land management purposes; and

•

to contribute to the development o f more sustainable land uses within the survey area.

The survey was undertaken by the Department o f Agriculture, Western Australia and was
funded by the Commonwealth and Western Australian Governments under the National Land
Conservation and National Landcare Programs. It is part o f an integrated program to map the
land resources o f the agricultural regions o f Western Australia at a regional scale. The
Nyabing-Kukerin survey was part of a larger project titled the Rocky Gully-TambellupBorden-Nyabing Land Resource Survey.
Prior to the Nyabing-Kukerin survey, the only information on soils and landforms available
for the area was the Atlas o f Australian Soils (Northcote et al 1967) at a scale o f 1:2,000,000.
Consequently, the lack o f soil information has hindered communication about the soils and
their management requirements. Thus vegetation types continued to be used as a surrogate for
soil information. In recognition of this community knowledge, the native vegetation has been
described for each o f the major soils and is used, with the soils and landforms, in the
subdivision o f the area into soil-landscape mapping units.
Other published resource information is available for the area at a scale of 1:250,000; original
vegetation by Beard (1980) and geology by Chin and Brakel (1986). Comprehensive local
histories are available for the shires of Dumbleyung (Klemm 1982), Gnowangerup (Bignell
1977), Kent (Beechem 1977) and Lake Grace (Bird 1992). Climatic data is available from the
Bureau o f Meteorology and was sourced for this report from the Australian Rainman
Version 3.3 (Clewett et al 1999).
At regional level, the information in this report can be used for land use and land management
planning, and in the development of conservation policies and strategies to ameliorate land
degradation. It can also be used for planning and targeting research funding and to help
communicate research results.
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Location
The Nyabing-Kukerin survey covers 515,000 hectares in the southern wheatbelt o f Western
Australia. The location of the survey is shown in Figure 1. The survey falls on the upper
reaches of the Avon, Blackwood and Pallinup Rivers. The western potion of the survey falls
within the Blackwood River catchment and the eastern portion is in the Avon catchment. The
Pallinup River drains the southern portion of the survey.
The survey area includes the towns of Lake Grace, Kukerin, Nyabing, Gnowangerup and
Ongerup. Pingrup lies just outside its eastern boundary. The Roelands-Lake King Highway,
Chester Pass Road and the branch lines to Lake Grace, Pingrup and Ongerup from the Great
Southern Railway all pass through the survey area. The local government areas of
Dumbleyung, Gnowangerup, Kent and Lake Grace and a small portion of the Kuhn Shire fall
within the survey. The local government areas are also shown in Figure 1.
Two 1:100,000 sheets from the national topographic map series cover the survey area:
Kukerin (2531) and Nyabing (2530).
To the west of the survey area, the Katanning land resource survey (Percy 2000) has been
published. Other surveys are in progress and are close to publication. These are the Corrigin
land resource survey to the north, the Jerramungup land resource survey to the east and the
Tambellup-Borden land resource survey to the south. The map unit boundaries and
descriptions for this survey have been matched to the surrounding mapping to provide
seamless coverage in the region.

View over Lake Grace from the Lake Grace Lookout (photo. Melanie Roberts)
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Figure 1. Location of the Nyabing-Kukerin survey
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How to use this report and CD-ROM
As well as summarising the survey's main findings, this report presents a background
commentary on the history, climate, geology and vegetation of the survey area. It also
documents the survey methodology and places the survey into a historical and regional
context. The main findings include a description of the soil-landscape map units and the main
soils.
The soil-landscape map and the detailed survey results are presented on the accompanying
interactive CD-ROM using Web-browser software. A hard copy o f the soil-landscape map, or
a portion thereof, can be purchased from the Department of Agriculture, Western Australia. It
is also possible to purchase a portion o f this map together with a portion of an adjoining
survey.
The CD-ROM is a complete presentation o f the survey results together with several
supporting documents and general information of Land Resource Assessment in Western
Australia. The CD is designed for better access to information and to allow efficient creation
of new editions as new information and better interpretations are made.
The map and associated files on the CD-ROM have three main functions:
•

describe and represent spatially areas with similar soil and landforms,

•

to identify soils and associated soil properties at a point or area of interest, and

•

to show the general distribution of soils, soil properties or land qualities.

Descriptions
A series of auto-generated descriptions are the core o f the CD-ROM. These are generated
from various parts of the CD-ROM. There are a number types of descriptions.
1. Soil-landscape zone
• a map of its occurrence in the current survey,
• descriptions of the unit and
• an outline of the systems within the zone. These have links to the system descriptions.
2. Soil-landscape systems
• a map of its occurrence in the current survey,
• descriptions of the system under the headings: location; landform; geology; soils; and
vegetation,
• an outline of the map units which comprise the system within the survey area. (with links
to the subsystem descriptions),
• a schematic diagram of the relation o f subsystems and phases within the system, and
• a summary of the WA Soil Groups present in the system (with links to the WA Soil Group
descriptions),

NYABING - KUKERIN AREA LAND RESOURCES SURVEY

3. Mapped Units (usually subsystems and phases, sometimes systems)
• a description o f the map unit under the headings: landform; geology; soils and vegetation,
• a table presenting the expected proportion of unmapped land units in the subsystem. Each
land unit is a combination of a WA soil group, the soil group qualifier and landscape
position. There are usually several land units present, each occupying different
proportions o f the map unit. The most common soil series is included under the heading
Main Soil. Each land unit has links to WA Soil Groups, land qualities and Main Soils.
4. Land Qualities
• a tabulation o f the attributed land quality values for the current land unit with links to the
definition o f the land qualities.
5. Main Soils
• a description o f the main soil with links to the description of soil profiles.
6. WA Soil Groups
• a description o f the current WA Soil Group with links to a distribution map and photo.
7. Soil Points
• a description o f the location o f the soil point, morphological description o f the layers
observed and a tabulation of any laboratory data.
The home page on the CD-ROM is a menu that provides access to various aspects including
report chapters, mapping and of specific map units, main soils or soil point observations.
Most o f these documents have links to different portions of the results. If you want a specific
map unit or soil, use the menu to open the descriptions. If you want to view the mapping or a
particular portion o f it, click on the "Interactive Maps".

Mapping
The presentation o f the mapping is designed to show various profiles and topics (left-hand
side menu) such as soil-landscape systems, each with various legend items, eg towns and
roads (right-hand side menu). The legend items can be turned on or off. The maps are
interactive, as moving the cursor over the map window will demonstrate. The active map unit
will be highlighted and a brief label (known as a tool-tip) will appear. By clicking on the map
window, a report o f either the active map unit or soil point is generated.
Soil-landscape maps are presented as three levels of detail, zones, systems and mapped units.
(The latter is typically a combination of subsystems and phases.) You may choose the
particular level or start with zones and zoom in. This will automatically switch to the more
detailed mapping.
You can view the whole map and then zoom and pan into an area o f interest. Alternately, you
can use the Find tool which, after selection, focuses you on that locality or road name.
There are two types of interpretive maps, one showing the distribution of the main WA Soil
Groups and one showing the distribution of the main land degradation issues. Both are based
on the subsystems mapping and can only be viewed at that scale.
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History of land use
Prior to European settlement, tribal Aboriginal people lived throughout the area. The Nyabing
area formed the junction of three tribal areas for the Wilmen, Njkinjak and Koreng groups
(Beechem 1977). Another Aboriginal group was based at Gnowangerup (Bignell 1977) and
ranged from Lake Ewlyamartup in the north to the Stirling Range in the south. Aborigines
pursued a hunter-gathering lifestyle directed by the availability o f food and water. Their
knowledge of fresh water supplies was vital to the early explorers and settlers.
Surveyor-General John Septimus Roe undertook initial European exploration of the area in
1835 and 1848. In 1843, Henry Landor and H.M. Lefroy discovered Lake Dumbleyung,
which lies to the west of the survey area. Sandalwood cutters followed these explorers and
penetrated the area further. They were probably the first Europeans to discover the large
saline playa lakes at Lake Grace (Bird 1992).
In the early 1850s the first pastoral leases were granted in the Gnowangerup and Nyabing
districts. Leases were granted in the 1870s further north at Merilup and Lake Wallerkin.
Sheep were run over vast areas cared for by shepherds based at lonely outstations. Although
their initial contact with the Aboriginal people was friendly, relations deteriorated as more
land was taken up, alienating the Aborigines and resulting in confrontations over sheep being
taken for food.
The discovery of gold at Coolgardie in 1892 and resultant gold rush slowed settlement and
development of the area. John Holland of Broomehill established a direct cart track from
Broomehill to the Goldfields. This was know as the Holland Track and ran close by Nampup
(Nyabing) and Pingrup. The route of the track was in part determined by water supplies and
helped develop additional water supplies in the area.
The passing of the Homestead Act in 1893 and the Consolidated Land Act in 1898 was aimed
at speeding agricultural development. Former gold miners, immigrants, including farmers
from the drought stricken eastern colonies, purchased small freehold blocks and undertook
conditional purchase of additional land ranging from 100 to 1000 acres.
The Rabbit Proof Fence No. 2 was constructed in early 1900s and formed the eastern
boundary o f settlement for a period early last century. The Fence Road still runs through the
area with remnants of the original fence along it. Crossroads in the Kukerin area bear the
number of the gate along the Fence (e.g. 129 Gate Road). Gnowangerup town site was
gazetted in 1905 but a settlement had already developed around the spring.
An important milestone was the extension o f the rail network to Nyabing (1910), Kukerin
(1911), Gnowangerup (1912), Ongerup (1913), Lake Grace (1916) and Pingrup (1922). This
linked the area to the Great Southern Railway and on to Albany and Perth. The expanded rail
network greatly improved the transportation o f people, supplies and produce in and out of the
area. Closely following the extension of the railway, town sites were gazetted at Nyabing
(1912 originally named Nampup), Lake Grace (1916) and Pingrup (1924).
Settlement boomed between 1900 and 1915, aided, after 1910, by the fairer distribution of
land that resulted from requiring surveys before land was selected. Income continued to be
supplemented by sandalwood cutting and mallet bark stripping.
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Climatic and international events from late 1910s to the 1940s, curtailed agricultural
development in the area. These factors included:
•

drought in 1913-14, water shortages and frequent shortage o f finishing rains;

•

frost damage;

•

lack o f suitable crops for soil and climatic conditions;

•

pests and diseases such as take-all fungus, rabbits, dingoes, locusts and weeds;

•

high cartage costs;

•

shortages o f labour, wire and iron during the First World War;

•

low prices during the Depression, increased bankruptcies and forced land sales; and

•

low prices and shortages o f labour and fertilisers in the Second World War

Post war resettlement programs at Gnowangerup and Lake Grace were designed to repatriate
soldiers and to boost development in the area. Generally, the combination of small block
sizes and lack o f farming experience among returned soldiers, meant that many were not
profitable and a period of consolidation followed.
Bulk handling o f wheat was introduced in 1937, significantly reducing cartage costs.
Branches o f the Agricultural Bank opened in the area in the late 1930s to support farmers
during the Depression and beyond.
In the 1950s and 1960s, agriculture in the area improved with higher commodity prices over
this period. The connection of towns and some farms to the Great Southern Towns Water
Supply Scheme further assisted the development o f towns such as Nyabing, Kukerin and Lake
Grace. Improvements in fertilisers, particularly the application o f trace elements, allowed
expansion o f agriculture into sandier soils. The clearing o f mallee in the area was assisted by
the use o f chains drawn between two tractors. The development and adoption of locally bred
crops and pastures significantly improved yields and profitability.
By the 1980s, most of the arable land in the survey area had been cleared and a period of
consolidation followed. While still facing rising costs and falling commodity prices, the
introduction o f new crops and technology helped maintain and improve production. Many of
the past climatic and pest hazards remained. Lack o f fan," water supplies continued to be a
major problem on farms immediately east o f the salt lakes, between Lake Grace and Pingrup,
until the extension o f the scheme water in the 1990s.
More detailed local histories are available for the shires o f Dumbleyung (Klemm 1982), Kent
(Beechem 1977), Gnowangerup (Bignell 1977) and Lake Grace (Bird 1992).
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Current land use
Land use is currently based on dryland agricultural production using annual, winter growing,
pastures and crops. Livestock production is dominated by wool production with trade in
sheep for meat and the live export trade also important. The types o f crops and rotations are
greatly influenced by soil types and rainfall.
The main pastures are annual pastures based on subterranean clover often mixed with annual
grasses such as rye grass and broad-leaved species such as capeweed. Annual medics occupy
a niche on alkaline soils. The length of pasture phases range from longer-term pastures o f 4 to
5 years to year in year out crop/pasture and continuous crop phases. The length of pasture
phase varies with the enterprise mix and to a much lesser extent with rainfall. A recent
development has been the introduction of alternative pasture species for specific
environmental niches. These include balansa clover, often mixed with perennial grasses, on
waterlogged, slightly to moderately saline land and serradella on deep sands. Another
significant development is the increasing areas o f land under lucerne. Landholders are
incorporating lucerne as a pasture to increase water use and help reduce groundwater recharge
as well as for the benefits to soil fertility. The lucerne is placed in a phase cropping rotation
with crops usually for a minimum o f three to four years. Although sheep numbers declined
during most of the 1990s, they still remain a fundamental part o f the agricultural system. In
particular the stud Merino industry is well established around Gnowangerup.
Throughout the area, cereals (wheat, barley and oats) remain the main crops within the
rotation with significant areas under canola. Pulse crops, mainly faba beans and field peas
and to a lesser extent chickpeas and lentils, are also part o f many crop rotations on neutral to
alkaline soils. Lupins are also grown in rotation, often as a break crop and to increase soil
fertility on sandier, acid soils.
Over the past decade farmers have become more aware o f land conservation and are
particularly concerned about the increasing area of land affected by salinity. Farm planning
was a popular with many farmers in the early to mid 1990s. This has resulted in changes in
land use such as the fencing of remnant vegetation, particularly along creek lines and road
reserves. Saline areas have been fenced off and, in some cases, revegetated with salt bush.
Tree planting with native species has also increased and has changed from planting along
exiting fence lines to alleys incorporating trees into agroforestry. The options for commercial
species are relatively limited due to the low rainfall, but oil mallees, sandalwood (Santalum
spicatum) and maritime pine (Pinus pinaster) are being promoted and planted to encourage
the development of new industries.
Mining is a relative insignificant land use within the Nyabing-Kukerin survey, mainly
involving gravel extraction for road construction and maintenance and sand extraction. The
Griffin's Find gold mine operated north-west of Lake Grace in the 1970s and 80s. Gypsum
deposits are currently being mined in the nature reserve bordering Lake Chinocup. The
gypsum is applied to shallow sandy and loamy duplexes and non-cracking clays on local
farms to improve their soil structure.
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Climate
The Nyabing-Kukerin survey area has a Mediterranean climate with hot, dry summers and
mild, wet winters. Average annual rainfall varies from about 420 mm at Kwobrup in the west
to about 350 mm at Lake Grace and Pingrup. Mean monthly temperature ranges from a
minimum of about 5.5°C in August to a maximum of about 31°C in January. There is an
increasing trend in temperature from south to north across the survey area. A summary of
climatic data is presented from the Australian Rainman program (Clewett et al. 1999).

Rainfall
The monthly mean and median rainfall data for six stations in and near the Nyabing-Kukerin
survey are presented in Table 1. (The mean is the average while the median is the value for
which half the values are higher and half the values are lower.) Rainfall is concentrated in the
winter months with more than half the annual average annual rainfall falling from May to
August. About 70% o f annual rainfall occurs between May and October. Figure 2 shows the
rainfall isohyets (50 mm intervals) for the Nyabing-Kukerin survey with most o f the area
receiving on average between 350 and 400 mm Rainfall is highest in the central west around
Kwobrup where it exceeds 400 mm and decreases to less than 350 mm in the north-east. This
trend reflects the effect o f cold fronts from the Indian and Southern Oceans, which bring more
rain into the west and south of the survey area.
The amount o f rain received in summer and autumn is highly variable. This is illustrated by
comparing the mean and median rainfall figures in Table 1. From July to October, the median
monthly rainfall is within 5mm of the medium monthly rainfall. However, outside this time
the median rainfall is consistently lower than the mean. From January to March the monthly
median is usually less than half the mean monthly rainfall, except Ongerup and Gnowangerup.
This is due to the northern areas receiving more rain as infrequent summer storms than the
south.

Rainfall variability
Mean and median monthly rainfall figures provide valuable information but do not indicate
how rainfall varies across the years. Rainfall deciles provide an indication o f the variability of
yearly rainfall using historical information. Table 2 presents decile infounation for six
stations in and near the study area plus statements to assist in reading the information.
Minimum and maximum annual rainfall is also included. The high annual maximum in 1955
was due to storms in February 1955 that resulted in more than 200 mm falling across the
survey area. This followed one of the driest periods on record.
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F i g u r e 2. Average a n n u a l rainfall received i n t h e Nyabing-Kukerin survey.
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T a b l e 1. M e a n a n d m e d i a n m o n t h l y a n d y e a r l y rainfall f o r r e p r e s e n t a t i v e locations
(Clewett e t aL 1999).
Location

M a r Apr

May Jun

mean
median

18
6

18
8

20
12

29
22

50
45

58
48

57
57

47
46

40
37

32
30

22
17

15
8

404
400

Kukerin
Post Office

mean
median

15
4

19
8

21
12

27
20

52
45

63
56

60
56

51
48

37
35

28
23

20
12

14
6

406
409

Lake Grace
Post Office

mean
median

17
4

19
8

23
14

24
18

46
43

53
48

49
45

41
39

31
30

23
19

18
13

14
9

356
351

Nyabing
Post Office

mean
median

14
3

18
7

20
11

26
18

52
49

64
54

61
56

49
46

36
34

28
21

20
17

14
8

401
398

Ongerup
Post Office

mean
median

18
8

19
12

22
15

26
20

45
44

51
43

50
48

43
41

39
36

33
28

24
20

15
8

385
390

Pingrup
Post Office

mean
median

16
4

18
6

23
10

22
16

46
47

55
46

49
44

41
36

34
30

26
19

20
15

14
8

364
356

Gnowangerup
Post Office

Jan

Feb

July Aug

Sep

Oct

Nov Dec

Total

T a b l e 2. Selected rainfall statistics f o r representative locations (Clewett e t al. 1999).
Location

Mean
mm

Minimum
mm
(year)

Deciles
70%

50%

30%

Maximum
mm
(year)

Rain
days

Record
length
(years)

Gnowangerup
Post Office

404

231
(1954)

362

400

451

712
(1955)

100

87

Kukerin
Post Office

406

208
(1972)

358

409

452

639
(1955)

98

87

Lake Grace
Post Office

356

212
(1972)

311

351

396

596
(1939)

89

87

Nyabing
Post Office

401

201
(1954)

357

398

440

702
(1955)

73

87

Ongerup
Post Office

385

172
(1954)

348

390

435

550
(1955)

103

85

Pingrup
Post Office

364

176
(1972)

316

356

406

704
(1955)

73

74

For example at Gnowangerup, the information is read as:
The average annual rainfall is 404 mm.
Mean:
Deciles:
70% - In 70% o f years annual rainfall was 362 mm or more.
50% - In 50% o f years annual rainfall was 400 mm or more. (This is the median rainfall.)

Rain days

30% - In 30% o f years annual rainfall was 451 mm or more.
The driest year (1954) received 231 mm and the wettest (1955) received 712 mm.
The average number o f days per year when it rains is 100.

Record length

Data has been collected from this site for 87 years

Range:
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Temperature
The temperature is recorded at the Lake Grace and Ongerup Post Offices. Table 3 presents
the average monthly minimum and maximum temperatures at these locations. It also includes
the highest and lowest recorded temperatures and the average number of days per month with
a minimum temperature less than 2.2°C (a rough indication o f when there might have been a
frost). Temperatures increase from south to north across the survey area. This is more
evident in the mean minimum figures and, in part, reflects the earlier arrival o f the sea breeze
from the Southern Ocean (the "Albany Doctor") in the south and the continental heating from
the north.
Table 3. Selected temperature data for representative locations (Clewett et al. 1999).
Mean
Minimum
(°C)

Highest on
record
(°C)

Location

Month

Lake Grace
Post Office

January
February
March
April
May
June
July
August
September
October
November
December

7.3
7.3
4.0
3.0
-0.3
-1.4
-1.4
-1.1
-0.7
-0.6
1.1
4.5

14.9
15.2
14.0
11.5
8.4
6.8
5.7
5.6
6.7
8.6
11.3
13.6

31.4
30.7
28.0
23.7
19.5
16.4
15.5
16.3
19.2
22.6
26.1
29.9

43.4
45.4
40.6
36.7
32.7
23.8
23.4
24.6
31.6
37.1
40.0
41.8

0
0
0
0
1
2
3
4
2
0
0
0

Ongerup
Post Office

January
February
March
April
May
June
July
August
September
October
November
December

6.2
5.6
3.3
2.5
0.1
-1.1
-1.8
-0.6
-0.5
-0.8
0.5
4.0

13.8
14.2
12.9
10.8
8.3
6.6
5.8
5.7
6.3
8.0
10.5
12.4

29.0
27.9
25.8
22.3
18.5
15.8
14.9
15.5
17.7
21.0
24.1
27.6

43.9
45.0
39.7
36.7
32.7
24.3
22.9
24.1
29.4
36.3
40.8
42.0

0
0
0
0
1
2
3
3
3
1
0
0

Lowest on
record
(°C)

Mean
Maximum
(°C)

Average
days <2.2°C
(frost)

Summer temperatures (December to March) range from a mean minimum of about 13°C to
mean maxima o f 31.5°C in Lake Grace and 29°C in Ongerup. The highest temperatures of 40
to 45.5°C have been recorded from November to March. High temperatures are associated
with hot, dry north-easterly winds that develop around the top o f high pressure systems
stationed in the bight in summer. With the passage of the high and the associated low
pressure systems develop into heat troughs, weather conditions become hot and humid.
Winter temperatures (June to August) range from a mean minimum o f 5.5°C to a mean
maximum o f 16.5°C. The lowest temperatures of 0 to -2°C occur between May and October.
Frosts can occur when temperatures fall below 2.2°C, with severe frosts at less than 0°C.
Temperatures below 2.2°C occur on average about 12 to 13 days a year. Temperatures below
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0°C occur less than one day per month from June to September on average. The risk of frost
is an important consideration when growing crops on low lying valley flats and alluvial plains.
Frosts during flower initiation, late in the cropping season, can cause serious losses.

Evaporation
Evaporation increases from south to north across the Nyabing-Kukerin survey area from an
average of 4.6 mm/day at Ongerup to 5.4 mm/day at Lake Grace. Pan evaporation data is
presented in Table 4 for Lake Grace and Ongerup. Following the trends in temperature,
evaporation is highest in December and January and lowest in June and July. Lake Grace
tends to have higher evaporation than Ongerup.
Table 4. Pan evaporation (mm/day) data from representative locations (Clewett et al
1999).
Location
Lake Grace
Ongerup

Jan

Feb

Mar

Apr

May

Jun

July

Aug

Sep

Oct

Nov

Dec

Year

10.6

9.2

6.8

4.3

2.6

1.8

1.9

2.3

3.4

5.3

7.3

9.8

5.4

8.9

7.3

5.7

3.8

2.4

1.6

1.7

2.1

2.9

4.6

6.3

8.5

4.6

Wind patterns
Throughout summer, wind patterns are controlled by the movement o f high pressure systems
that may include the development of heat troughs (low pressure systems). During winter,
strong winds accompany the passage o f cold fronts in an easterly direction across the survey
area. In autumn, the change from summer to winter weather patterns is associated with strong
winds which cause erosion to over-grazed or cultivated paddocks or paddocks where stubble
has been burnt. The occasional passage o f summer tropical lows (the remains of cyclones)
also result in strong winds causing wind erosion when ground cover is low.
A regular daily feature in warmer months is the sea breeze from the south (the Albany Doctor)
which arrives in the late afternoon to evening and cools night temperatures in summer
Occasionally heat troughs delay or prevent the sea breeze, and night and day temperatures
remain high.

Crop variety testing areas
The crop variety testing (CVT) areas for the whole o f the south o f Western Australia are based
on the length o f growing season and annual average rainfall. The length o f growing season is
grouped into zones from north to south (1 to 5) and the annual average rainfall into rainfall
regions (Garlinge et al 1998), typically a south-west to north-east gradient. The CVT areas
are used in the crop sowing guides produced annually by Department of Agriculture, Western
Australia for cereals, oilseeds and pulse crops.
Two CVT areas occur within the Nyabing-Kukerin survey, corresponding to the South-central
and South growing season zones within the medium (325-450 mm) rainfall region (see Figure
3. The boundaries o f the areas should be used as a guide and users should also look at
information for adjacent CVT areas.
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Figure 3. Crop variety recommendation areas in the Nyabing-Kukerin survey

M4

South central

Medium

325-450

Cereal stubble is usually retained after cropping
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Geology and physiography
The Nyabing-Kukerin survey area lies entirely within the Yilgarn Craton. Chin and Brakel
(1986) described the area's regional geology on the Dumbleyung 1:250,000 map sheet.

Precambrian period
The Yilgarn Craton, which is one o f the largest areas of Archaean crust in the world (Wyrwoll
and Glover 1989), formed 3,600 to 2,400 million years ago. It is composed largely o f igneous
rocks founed when magma cooled deep in the earth's crust. The dominant geology o f the
survey area consists of foliated and banded gneiss intruded by adamellite. Granite and
adamellite occurs in the south-east and is also scattered elsewhere throughout the survey area.
Small areas o f mafic gneiss and quartzite occur around Kukerin.
The Yilgarn Craton also contains other igneous rocks such as dolerite and gabbro. These
rocks formed when iron-rich magma was forced into cracks in the granitic bedrock. Cracks
occurred when the pressures, resulting from continental drift, forced the granite to shift
resulting in faults and shear zones. The dykes mainly trend east-west with some trending
north-north west.

Cainozoic period
Cope (1975) concluded that the Darling Plateau was uplifted a number of times, particularly
during the Cainozoic period (the last 65 million years). The start o f this uplift coincided with
the separation o f the Australia and Antarctica and contributed to the development of the
Ravensthorpe Ramp. The Ravensthorpe Ramp is an area o f dissected topography with
southward slope drained by south flowing rivers (Thom, Chin and Hickman, 1984). Cope
(1975) defined the boundary o f the Ravensthorpe Ramp and the Darling Plateau as the
Jarrahwood Axis. In the survey area, the Jarrahwood Axis corresponds to catchment
boundary of the Pallinup River. Dolerite, gabbro and quartz dykes are common along the
Jarrahwood Axis, particularly close to Gnowangerup.
Much o f the survey area is covered by sand, clay and gravel deposited during the Cainozoic
period. These are mainly alluvium or colluvium derived from the erosion of older deposits
and weathered bedrock. Other Cainozoic deposits include swamp and lake deposits,
conglomerate, silcrete, and ferricrete, sand dunes and sand in sandplains. A major feature of
the Cainozoic period was the development of deeply weathered soil profiles, often known as
the lateritic profile. A description of the laterite profile and a discussion on how it may have
formed is presented in Percy (2000). Recently, Verboom and Galloway (2000) have proposed
a new theory that laterite is formed by biological interactions between soil microbes and
plants, most prominently the Proteaceae family.
The uplift of the Darling Plateau was followed by a new phase of incision of the existing
ancient river systems. This resulted in the erosion o f the laterite profile over much o f the
survey area, leaving only small remnants with near complete sequences. Many soils
throughout the survey are formed on parts of the laterite profile such as weathered ferricrete or
on the pallid zone clay. The material eroded and transported from the laterite profile also
forms the parent material for many soils.
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Native vegetation
The original vegetation o f the survey area ranged from eucalyptus woodlands in the west to
mallee and shrubland in the east and south. The woodlands were dominated by York gum
(Eucalyptus loxophleba), morrell (E. longicornis), salmon gum (E. salmonophloia) and
wandoo (E. wandoo) with mallee commonly including E. xanthonema, E. incrassata and E.
redunca. The understorey of the woodland and mallee communities are commonly tea-tree
shrubs such as Melaleuca uncinata and M laterifolia. Heath and heath shrubland dominated
by Dryandra and other Proteaceous species are most common on the uplands with ironstone
gravels and deep sands.
Beard (1980) prepared a regional scale map of vegetation types for the Dumbleyung
1:250,000 map sheet, the eastern third o f which covers this survey. This map is derived from
aerial photograph interpretation and field surveys of remnant vegetation along roadsides and
in reserves. Beard produced a map predicting original vegetation types by extrapolating from
these remnants to patterns in topography and soils.
Beard combined vegetation types into Vegetation Systems which he defined as a particular
series of plant communities recurring in a catenary sequence or mosaic pattern linked to
topographic, pedological and/or geological features (Beard 1969, as cited in Beard 1980). He
used broad generalisations to associate vegetation with landform position and soils. For
example, in the Dumbleyung Vegetation System he found Dryandra dominated heath with
scattered brown mallet (Eucalyptus astringens), blue mallet (E. gardneri) and rock sheoak
(Allocasuarina huegeliana) on the gravelly summits. York gum (E. loxophleba), red morrel
(E. longicornis), salmon gum (E. salmonophloia) and wandoo (E. wandoo) woodland
dominated the slopes and York gum and salmon gum woodlands on the valley flats with
Melaleuca shrubland and samphire. Beard used the results of his statewide mapping to refine
the Botanical Provinces and Districts. The Dumbleyung survey (Beard 1980) was
incorporated and compiled into the vegetation survey of the Swan 1:1,000,000 map sheet
(Beard 1981)
The Nyabing-Kukerin survey is in the South-West Botanical Botanical Province and the Avon
and Roe Botanical Districts. In this area Beard (1981) recognised four vegetation systems:
Dumbleyung, Hyden, Pallinup and Chidnup. Table 5 summaries the vegetation systems in
teuns o f different landscape positions
The location o f the Botanical Districts and Vegetation Systems bears only broad similarity to
the soil-landscape zones and systems described in this report. The Avon Botanical District
corresponds to the South-western Zone of Ancient Drainage, with the Dumbleyung vegetation
system coinciding with the East Katanning soil-landscape system. The Roe Botanical District
covers the rest of the survey area. The Hyden vegetation system approximately corresponds to
the South-eastern Zone o f Ancient Drainage. The Ongerup vegetation system corresponds to
the Pallinup Zone. In each o f the descriptions of soil-landscape system, the most common
vegetation species and communities are listed along with the corresponding Vegetation
System(s) as mapped by Beard (1980). The description of the main soils in the survey also
indicate the native vegetation which commonly occur on them.
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Although vegetation or plant species can be a useful indicator of soils, a one-to one
relationship between soil types, landfoun position and vegetation is rare. For example, York
gum (E. loxophleba) is usually associated with reddish brown loamy soils on slopes.
However, it is common on grey shallow sandy duplex soils on the broad valley flats along the
Coblinine River.
Table 5. Description of the Vegetation Systems for the Nyabing-Kukerin survey (Beard
1980, Beard 1981)
Landscape Position
Vegetation
System

Gravels on hillcrests

Hillslopes

Drainage lines and valleys

E. loxophleba, E. longicornis, E.
salmonophloia and E. wandoo with
frequent small patches o f mallee
(E. eromophila, E. redunca and E.
incrassata)

E. loxophleba, E.
salmonophloia, Casuarina
obesa, Melaleuca shrubs
and samphire flats

Avon Botanical District
Dumbleyung

Dryandra dominated
heath with scattered
Eucalyptus astringens, E.
gardneri, Allocasuarina
huegeliana

Roe Botanical District
Hyden

Scrub-heath or thickets
(kwongan)

Mallee E. eromophila, E. foecunda,
E. redunca, E. transcontinentalis, E.
calycogona, E. celastroides and E.
incrassata with Melaleuca shrubs
Woodland o f E. salmonophloia and
E. salubris on lower slopes

Mallee (E. redunca) and
woodlands o f E. loxophleba,
E. longicornis, E.
salmonophloia E. salubris
,
and E. kondininensis near
salt lakes

Chidnup
(described as
Ongerup, Beard
1980)

Scrub-heath with
scattered mallee (E.
tetragona) on sandy soils
E. falcata often in malice
form on gravels

Mallee on upland plains, including
associations o f E. eremophila- E.
oleosa and E. redunca-E. uncinata
On hillslopes o f valleys woodlands
o f E. loxophleba, E. longicornis,
On clays E. occidentalis with
occasional E. salmonophloia or E.
platypus low forest

E. occidentalis in
depressions and along valley
floors

Mallee on upland plains, including E.
redunca and E. uncinata
On hillslopes o f valleys woodlands
o f E. loxophleba and E. occidentalis
with some E. longicornis, E.
,
wandoo and E. calophylla
E. platypus and E. occidentalis on
clays

E. rudis and E. occidentalis
on levees and banks with
C. obesa along stream
channel
E. loxophleba and
A. huegeliana on sandy
deposits

Pallinup
Low forest o f E.
flocktoniae and E.
(included in
Hyden in Beard gardneri on gravels
1980)
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Remnant native vegetation
The amount of uncleared native vegetation within the survey area reflects the history of
settlement and land clearing in the area. Table 6 presents the area o f native vegetation in the
five shires in the survey area. It includes vegetation on both private land and in publicly
owned reserves. The data was generated by intersecting (comparing) the shire boundaries
with maps of remnant vegetation prepared and updated by the Department of Agriculture,
Western Australia. The areas in Table 6 represent the remnant vegetation across the whole of
each shire which all extend beyond the boundary o f the survey area.
Dumbleyung and Kuhn Shires have the lowest amount of native vegetation remaining with
only 9.4% and 11.8% respectively. The higher proportion of remnant vegetation in
Gnowangerup, Kent and Lake Grace Shires reflects the large areas protected in public reserves
including Lake Magenta, Tarin Rock and the Stirling Range National Park. Tarin Rock
Reserve and reserves around Lake Grace North and South and Lake Chinocup form the largest
areas of native vegetation remaining in the survey area.
Table 6. Areas of native vegetation remaining for shires in the Nyabing-Kukerin survey
Shire

Total area o f shire (ha)

Remaining native vegetation *
(ha)

Dumbleyung
Gnowangerup
Kent
Kuhn
Lake Grace
Total

253,856
426,305
562,376
470,989
1,038,253
2,751,779

23,915
77,822
151,890
55,550
234,278
543,455

(% of shire)
9.4
18.3
27.0
11.8
22.6
19.7

* This includes native vegetation on private land and in public reserves

Remnant vegetation in a Dumbleyung road reserve (photo.' Melanie Roberts)
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Table 7 presents the areas o f native vegetation for each soil-landscape systems within the
survey area. In total less than 10% o f survey area remains vegetated. The soil-landscape
systems on the broad valley floors and large salt lake chains (Coblinine, Lagan and Sharpe)
have about 15% native vegetation. This is often fringing vegetation or degraded vegetation on
saline soils. The higher percentage o f native vegetation in the Kukerin soil-landscape system
(12%) is due to the Tarin Rock Nature Reserve being located within this system.
Table 7. Areas o f native vegetation remaining for each soil-landscape system in the
Nyabing-Kukerin survey
Landscape
position

Soil-landscape
System

Broad valley
floors, plains
and salt lake
chains

Coblinine
Lagan
Pingmp
Sharpe

Rises and low
hills with
minor valley
floors

Datatine
East Katanning
Kukerin
Newdegate
Nyabing
Tieline
Toompup
Upper Pallinup

Total

Total area
(ha)

Remnant vegetation in system
(ha)

(%)

34,183
65,065
8,342
12,766

4,947
10,086
504
1,910

14.5
15.5
6.0
15.0

59,956
6,781
104,161
12,237
112,814
34,350
2,300
62,129

5,022
466
12,618
394
8,200
2,303
94
3,850

8.4
6.9
12.1
3.2
7.3
6.7
4.1
6.2

515,084

50,394

9.8

Vegetation fringing salt lakes is often adversely affected by salinity (photo: Melanie Roberts
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Previous surveys
Teakle (1938) described broad soil zones and regions for Western Australia based on the work
of Prescott (1931, 1933). The Nyabing-Kukerin survey falls into two soil zones and three soil
regions summarised below.
Zone of red-brown earths of the eucalyptus-acacia woodlands:
•

Avon Region: Brown or grey soils with neutral to alkaline subsoils that are not calcareous
with small areas of sandy soils.

•

Stirling Region: Grey and grey-brown clayey soils with either acid or alkaline subsoils
associated with red brown soils and sands.

Zone of grey and brown calcareous, solonised soils of the low rainfall eucalyptus
woodlands:
•

Corrigin Region: Lateritic sand and gravels uplands with sand on clay soils on the slopes
and grey soils on the valleys with alkaline and calcareous subsoils.

In his thesis on the soils of south-western Australia, Smith (1952) subdivided south-western
Australia into a number of zones and soil combinations. The Nyabing-Kukerin survey area
falls in the Zone of Sandy Laterites and Pedocals incorporating two soil combinations:
•

Dumbleyung Soil Combination: Extends from Kuhn in the north to Gnowangerup and
Ongerup in the south. Broad valleys with saline and grey clayey soils; soils on the slopes
are sand and sandy loams over mottled gritty clay subsoils. A feature of this soil
combination is red brown sandy loams or clay loams with calcareous subsoils. Sandy and
gravelly soils occur on the uplands.

•

Hyden Soil Combination: Extends from Narrambeen in the north to Ravensthorpe in the
south and includes Lake Grace and Pingrup areas. Gently undulating uplands with broad
shallow valleys with salt lakes at their lowest point. A feature o f this soil combination is
the dominance of sandy and gravelly soils o f the sandplain.

Like Teakle's classification, Smith's soil combinations have not been widely used.
Prior to the start of this survey, the most widely used soil information for the NyabingKukerin survey was Sheet 5 of the Atlas o f Australian Soils (Northcote et al. 1967). It is
published at a scale o f 1:2,000,000 and provides a broad indication o f the major soil and
landform associations.
The Atlas of Australian Soils was used as a basis for A framework f o r regional soil
conservation treatments in the medium and low rainfall agricultural districts (Carder and
Grasby 1986). In this report, land degradation problems and treatment options are outlined for
combinations of map units. The information was presented for each Department of
Agriculture, Western Australia advisory district in the low and medium rainfall areas,
including Lake Grace and Katanning. The Atlas of Australian Soils also provided background
for two other publications: An introduction to the soils o f the Lake Grace advisory district
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(Stoneman 1990) and An introduction to the soils o f the Katanning advisory district
(Stoneman 1991).
Soil-landscape surveys were conducted to assist in assessment o f land degradation in the
Upper Coblinine catchment (Armstrong 1990) and the Merilup-South Kukerin catchment
(Armstrong and Percy 1991). Tille and Percy (1995) described the soil-landscape zones and
systems within the Blackwood River catchment. This summarises information from
published land resources survey reports as well as provisional results from the current survey.
A three letter code rather than the symbols used in this report and accompanying maps
represent the soil-landscape systems in Tille and Percy (1995). For example, the Kukerin soillandscape system has the symbol Kkn in Tille and Percy (1995) but is represented by the
symbol, Kk, throughout this report and on the accompanying CD-ROM.
Percy (2000) mapped the soils and landform of the Katanning area to the west of the NyabingKukerin survey at a regional scale of 1:150,000. The Coblinine, East Katanning, Datatine,
Kukerin, Tieline and Upper Pallinup soil-landscape systems identified in the Katanning area
extend into this survey. The surveys also share similar soils particularly along their boundary.
Three other regional soil-landscape surveys adjoin the current survey. The Corrigin land
resource survey (Verboom and Galloway, in prep) adjoins the northern boundary; the
Jerramungup survey (Overheu, in prep.) lies to the east; and the Tambellup-Borden survey
(Stuart-Street and Marold, in prep) to the south (see Figure 4). The mapping boundaries and
descriptions for the Nyabing-Kukerin survey have been matched with adjacent mapping to
provide seamless coverage across these regional surveys.
Figure 4: Location of soil-landscape mapping in relation to the Nyabing-Kukerin survey
•
Southern Cross-Hyden
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Land Resources Survey
(Verboom and Galloway,
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Survey methods
The following procedures were used in the Nyabing-Kukerin survey.
•

Previous work on the land resources (soils, vegetation and geology) of the survey area and
adjacent areas was reviewed.

•

A field reconnaissance survey was conducted to identify major subdivisions o f mapping
units to province, zone and system level.

•

Preliminary map unit boundaries were identified by stereo air photo interpretation using
1:25,000, colour photos (Western Australian Department of Land Administration, Job No.
900483, June 1990 and Job No. 920408, November 1992).

•

Field work was undertaken between May 1995 and August 1997 over about 515,000
hectares. Fifty-five sites described in the Merilup-South Kukerin catchment by Heather
Percy in 1990 were also incorporated into the database for this survey. Heather Percy's
team mapped the Nyabing map sheet in 1995 and 1996. Melanie Robert's team mapped
the Kukerin map sheet in 1996 and 1997.

•

Sites were chosen using the free survey technique (Gunn et al. 1988) to describe soil
profiles and identify their relationship to the landscape. They were also used to test and
improve the conceptual models for mapping. The preliminary mapping and ease o f access
also influenced site selection.

•

In total, data were collected at 1,017 sites (about one site per 500 ha) and their distribution
is shown in Figure 5. At most sites soil profiles and their environment were described
using McDonald et al. (1990) and coded to Department o f Agriculture, Western Australia
standards. Soil profiles were described from pits, exposures and/or hand auger borings to
a depth of 1 m, where possible. The amount of detail varies from comprehensive
descriptions of soil pits (data point) to abbreviated description from auger borings
(observation point). Over 90% o f the soil profiles were classified into WA Soil Groups
(Schoknecht 1997,1999) and the Australian Soil Classification (Isbell 1996, 2002).

•

Data were recorded manually on site cards and later entered onto the computerised
WARIS and ORACLE databases (Purdie 1993a). The data recorded at each site,
including soil profiles, has been incorporated in the Soil Profile Database developed and
maintained by the Department o f Agriculture, Western Australia.

•

Soil samples were collected from 23 soil pits for chemical and physical analysis. These
pits were dug with the cooperation o f landcare groups to assist them with soil mapping
and farm planning activities. In addition 215 profiles were sampled for a limited range of
chemical analyses. This includes profiles sampled at 0-10 cm, 15-25 cm and 40-50 cm
depths for pH in calcium chloride and those sampled in order to classify them using the
Australian Soil Classification (Isbell 1996). The most common analyses performed on
these samples were pH, electrical conductivity, exchangeable cations, cation exchange
capacity and percentage o f sand, silt and clay.

•

The Chemistry Centre carried out laboratory analyses using the methods listed in
Appendix 3. Most of the methods used are described in Rayment and Higginson (1992).
27

NYABING - KUKERIN AREA LAND RESOURCES SURVEY

Figure 5. Distribution of field sites within the survey area

•

Soil Series (Purdie 1993b) were identified and described in a standard founat. More than
60% o f the soil profiles were assigned to a Soil Series. A number of the map units have
been described in terms o f the proportion o f soil series within them

•

Conceptual models were developed which relate the various sources of evidence (field
data, previous resource data, photo interpretation, and published information on soil
process and development models) to soil variation. A synthesis of this material was used
to adjust the map boundaries and predict which soils occur within them.

•

Colour aerial photographs at 1:25,000 scale were used as the mapping base. The map unit
boundaries and labels were captured from these photographs using a computer aided
mapping system operated on Micro Station software. The locations of sites NYA0001 to
NYA0487 were also digitised from aerial photographs. The locations of the remaining
sites were determined using a Garmin GPS 75. The map unit at each site was identified
from the digitised maps and has been added to the Soil Profile Database.

•

The mapping boundaries and descriptions for the Nyabing-Kukerin survey have been
matched with adjacent mapping to provide seamless coverage across these regional
surveys.
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Descriptions o f the map units including the percentage o f land units in each map unit have
been included in the Map Unit Database and are included on the accompanying CD-ROM.
Land qualities have been assessed for each land unit covered by the survey. This
assessment uses the methodology outlined in Van Gool, Moore and Tille (in prep). Maps
showing soil salinity and the susceptibility to water erosion, wind erosion, subsoil
acidification and waterlogging soil salinity are included on the accompanying CD-ROM.

Salmon gum in road reserve near Kukerin.
Most sites were located along roads for ease o f access
(photo: Melanie Roberts
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Mapping units
A map unit identifies areas with similar characteristics and properties. In the NyabingKukerin survey soil-landscape units are used to identify areas that have similar soil and
landfouns. Soil-landscape map units were used in this survey because large areas can be
covered rapidly. The broad mapping scale and low intensity o f sampling does not allow
individual soil units to be mapped. Soil-landscape units (eg. soil-landscape systems) are
delineated with the aid o f remote sensing techniques such as aerial photograph interpretation.
They are defined on landform and the pattern of geology, soil and vegetation within the
landform.
The Department of Agriculture, Western Australia has established a hierarchy o f soillandscape map units which aims to maintain a consistent approach with different scales of
mapping and varying levels of complexity of soils and landscapes (Purdie 1993b). Moving
down the hierarchy, the units cover smaller areas and the complexity within each unit
decreases (Figure 6). Each map unit in Western Australia has a unique symbol indicating its
place in the mapping unit hierarchy. An example o f a map unit used in the survey is
illustrated in the following example.
2 5 9 K k i s indicates the map unit is in the Western Region (2), Avon Province (25), Southwestern Zone of Ancient Drainage (259), Kukerin System (259Kk), Kukerin 1 Subsystem
(259Kk_1), Kukerin 1 Subsystem sandy phase ( 2 5 9 K k i s). On the accompanying map the
map unit is labelled K k l s for brevity. This example o f the hierarchy is illustrated in Figure 6.
The full symbols are attached to the digital maps and are used in the Soil Profile and Map
Unit Databases.
Subsystems and phases can be further subdivided into land units. Land units are combinations
o f soil and landfolin that repeatedly occur at similar points in the landscape (van Gool and
Moore 1999). In this survey, land units are not presented on the maps but they faun an
important part of the description of each map unit. A table presenting the proportions of lands
units forms part of the map unit description.
For the purpose of database attribution, each land unit is unique within its nominated soillandscape zone but usually occurs in a number o f different map units and across different
survey areas within the same zone. Each land unit has been attributed with a standard set of
land qualities and characteristics. From these data, summaries can be made about land
degradation hazards and land capability assessments.
The land units developed for soil-landscape unit in the southwest Australia consist o f four
parts:
1. The soil-landscape zones in which the land unit is found
2. The soil group which typifies the land unit
3. The soil group qualifier that defines the soil properties of the soil group in more detail
4. The landform qualifier which characterises the land unit.
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F i g u r e 6. H i e r a r c h y o f soil-landscape m a p units u s e d in this report.

1. Regions
B r o a d subdivisions o f t h e A u s t r a l i a n continent
(Division o f Soils, C S I R O 1983).
e.g.: The Western Region (2)
2. Provinces
Provides a b r o a d overview o f t h e w h o l e state suitable
f o r m a p s a t scales o f a b o u t 1:5,000,000 (Division of
Soils, C S I R O 1983).
e.g.: The Avon Province (25)
3. Zones
A r e a s defined o n geomorphologic o r geological criteria,
suitable f o r regional perspectives.
E.g.: South-western Zone o f Ancient Drainage (259)
4. Systems
A r e a s w i t h r e c u r r i n g p a t t e r n s o f landforms, soils and
vegetation, suitable f o r regional m a p p i n g a t scales of
1:250,000.
E.g.: Kukerin System (259Kk)
5. Subsystems
A r e a s o f characteristic landforms features containing
definite suites o f soils, suitable f o r m a p p i n g a t regional
scales o f 1:100,000.
E.g.: Kukerin 1 Subsystem (259Kk_1)
6. Subsystem phases
Division o f subsystems b a s e d o n l a n d use interpretation
requirements.
E.g.: Kukerin 1 sandy phase ( 2 5 9 K 1 0 s)

7. Land units
Describe areas o f land with similar soils, slopes and
landforms.
Land units are unmapped at regional scale mapping.
See Figure 7 for cross-section diagram o f land units
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The Soil Groups and Soil Group Qualifiers were developed by the Department of Agriculture,
Western Australia as a standard way of describing the soils of Western Australia and have
been documented and revised by Schoknecht (1997, 1999, 2002). More information on the
Soil Groups and Soil Group Qualifiers in this survey can be found in the Soils section.
A standard set o f Landform Qualifiers has been developed for the southwest of Australia and
has been listed in van Gool, et al (in prep). The landform qualifiers provide a way to describe
the landforms that characterise the land unit. They use some of the terminology and
definitions of landform from McDonald et al (1990), in particular landform element,
morphological type and slope gradient, but have been developed to reflect the landforms
commonly found in south-western Australia.

Figure 7: Relationship between mapping units (subsystem or subsystem phases) and land
units
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Soil-landscape regions, provinces and zones
The Nyabing-Kukerin survey is located within the Western Region o f Australia which covers
most of the agricultural and pastoral areas of Western Australia excluding the Kimberley, the
Sandy Desert and the Nullarbor Plain (Bettenay 1983). Two soil-landscape provinces, Avon
and Stirling, are represented in the survey area.

Provinces
The Avon Province (Bettenay, 1983) consists of a gently undulating plateau dissected at its
margins and rising to some 600 metres inland. The rocks are mainly Precambrian granites and
gneisses, with some dolerite and limited areas of older metasedimentary and metavolcanic
rocks. It is dissected at the margins by rivers including the Swan-Avon and the Blackwood
and has saline drainage lines inland. Lateritisation has been extensive over both igneous and
sedimentary rocks, and many soils have older lateritic horizons as parent materials. The rocky
face of the Darling Scarp, and some steeply dissected valleys, are largely laterite-free. Most
o f the survey area is in this province which incorporates the South-western and South-eastern
Zones of Ancient Drainage.
The Stirling Province (Bettenay, 1983) consists of a narrow strip less than 80 kilometres
wide and flanking the southern Ocean with Proterozoic gneisses and migmatites which are
overlain sporadically by Tertiary marine and continental sediments. The Stirling and Mt
Barren Ranges are composed o f quartzites and phyllites which are younger than the
surrounding Proterozoic rocks. Generally the country has low relief and has been extensively
lateritised. Later dissection has exposed lateritic mottled and pallid zones. The Stirling and
Mt. Barren ranges have steep and rugged terrain. There are also some emergent gneissic hills
The southern portion of the survey falls in this province and includes just the Pallinup Zone.
This was previously described as the Stirling Range Zone in the Katanning survey (Percy
2000). The boundaries of the soil-landscape provinces and zones are shown in Figure 8.

South-western Zone of Ancient Drainage
The South-western Zone of Ancient Drainage is an ancient, gently undulating landscape with
sluggish drainage systems that now only function in very wet years. The uplands are
dominated by grey sandy gravels and by woodlands and heath, rich in Proteaceous species
such as Dryandra. This zone was previously part of the Southern Zone o f Ancient Drainage
(Percy 2000).
The zone extends from Corrigin in the north through Dumbleyung, Nyabing and south to
Katanning. It is bounded to the west by the Zone of Rejuvenated Drainage along the
Meckering Line which runs close to Wagin, Katanning and Broomehill. The South-eastern
Zone of Ancient Drainage forms its eastern and southern boundary.
In the survey area, the South-western Zone of Ancient Drainage corresponds roughly to the
Corrigin Region and western parts of the Avon Region (Teakle 1938) and the Dumbleyung
soil combination (Smith 1952). The soils are mostly shallow sandy or loamy duplex soils.
Their clayey subsoils are sodic, range from neutral to alkaline and are often calcareous.
Reddish brown to red loamy duplex soils, barns and clays are common on weathered gneissic
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rocks. Sandy gravels with small areas of pale deep sands cap the rises and low hills. The
soils on the broad alluvial and lacustrine plains o f the Coblinine River and its tributaries are
mainly salt-affected sandy and loamy duplex soils.
The land cover ranges from woodlands of salmon gum (E. salmonophloia), red morrell (E.
longicornis) and York gum (E. loxophleba) on the valley floors to heath and mallee on the
rises. Brown mallet (E. astringens), blue mallet (E. gardneri), moort (E. platypus) and flat
topped yate (E. occidentalis) are also common. The vegetation was mapped by Beard (1981)
as the Dumbleyung Vegetation System within the Avon Botanical District and the Hyden
Vegetation System within the Roe Botanical District.
In this survey, the zone comprises the Coblinine, Datatine, East Katanning and Kukerin
Systems. Its mapping hierarchy code is 259.

South-eastern Zone o f Ancient Drainage
The South-eastern Zone of Ancient Drainage is an ancient, gently undulating landscape with
salt lakes chains and some areas o f prominent granitic outcrops. Its valley floors are broad
and ill defined with prominent chains of salt lakes. The salt lake chains occur as remnants of
ancient drainage systems that now only contain surface flow in very wet years. Relief is
generally more subdued than adjacent areas to the west and south. This zone was previously
part o f the Southern Zone of Ancient Drainage (Percy 2000).
The zone extends from Kondinin through Lake Grace and south to Pingrup and eastwards to
include Hyden and Newdegate. It is bounded to the west by the South-western Zone of
Ancient Drainage. In the survey area, its southern boundary is the catchment divide between
the Avon and the Pallinup Rivers that marks its border with the Pallinup Zone (Stirling
Province).
Within the survey area, the South-eastern Zone o f Ancient Drainage corresponds roughly to
the Corrigin Region (Teakle 1938) and the Hyden soil combination (Smith 1952). The soils
are mostly shallow sandy or loamy duplex soils. Their clayey subsoils are typically sodic and
often alkaline and calcareous. Duplex soils on the uplands often have thin layers o f lateritic
gravels above the clay subsoils. Duplex sandy gravel and reticulite deep sandy duplexes
commonly occur on the crests. The valley floors have loamy duplex soils that are usually
alkaline and typically sodic, calcareous loamy earths, saline wet soils and salt lake soils.
Reddish brown to red loamy duplex soils, barns and clays occur on the rises on dolerite.
The land cover is dominated by mallee vegetation with mallee and/or Proteaceous dominated
heath on gravelly soils. Mallee scrub and salmon gum (E. salmonophloia) and wandoo (E.
wandoo) woodland dominate the lower slopes. Salmon gum and gimlet (E. salubris)
woodland on heavier soils and mallee and broombush (Melaleuca sp.) on duplex soils are
common on the valley floors. Kondinin blackbutt (E. kondininensis), red morrell (E.
longicornis) and flat topped yate (E. occidentalis) and halophytes such as saltbush and
samphire fringe the salt lakes. Beard (1981) mapped the vegetation in the zone in the Hyden
and Chidnup Vegetation Systems within the Roe Botanical District.
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Figure 8. Soil-landscape provinces and zones in the Nyabing-Kukerin survey area

L a k e Grace.

250
59

259

South-western
Zone of
Ancient Drainage

259

Avon Province

250

250
259

259
259

250

South-eastern
Zone of
Ancient Drainage

?"'angeruP Stirling Province
241 Pallinup Zone

35

Jiigerup

NYABING - KUKERIN AREA LAND RESOURCES SURVEY

The South-eastern Zone of Ancient Drainage includes the Lagan, Newdegate, Nyabing,
Pingrup, Tieline and Sharpe Systems. Its mapping hierarchy code is 250.

Pallinup Zone
The Pallinup Zone consists of broad upland plains dissected by the Pallinup River to form an
undulating landscape with shallow valleys and narrow alluvial plains. Archaean granite and
gneiss with small areas of Eocene sedimentary rocks (spongelite, low energy marine carbonate
and siltstone) underlie it. In the Katanning survey (Percy 2000), the Pallinup Zone was
included in the Stirling Range Zone. This was revised in 2001 and the Pallinup Zone was
created in order to separate the areas with mainly granitic geology from the predominately
sedimentary geology o f the Stirling Range.
The zone extends from north of Gnowangerup to the Stirling Range in the south and east to
Ongerup. In the west is the Southern Zone o f Rejuvenated Drainage (Avon Province) and in
the east is the Jerramungup Zone. The Stirling Range Zone forms its southern boundary. The
South-western and South-eastern Zones of Ancient Drainage (Avon Province) lie to the north.
The Pallinup Zone is similar to the Southern Zone of Rejuvenated Drainage in that most o f the
laterite profile has been stripped to expose the fresh rock or mottled and pallid zone clays.
The soils of the Pallinup Zone are mainly shallow duplex soils with hardsetting sandy or
loamy topsoils. Their subsoils are sodic and range from neutral to alkaline and are often
calcareous. A large number of dolerite and gabbro dykes occur in this zone close to
Gnowangerup Alkaline reddish brown shallow sandy and loamy duplex soils are found on
these dykes. The zone is similar to Teakle's Stirling Region (Teakle 1938).
The native vegetation is mainly mallee with areas of woodlands particularly in the west.
Mallee species include the distinctive purple-leaved mallee (Eucalyptus pluricaulis subsp.
porphyrea). Woodlands commonly include York gum (E. loxophleba), flat topped yate (E.
occidentalis) and moort (E. platypus). Beard (1981) mapped this area as Pallinup Vegetation
System in the west and Chidnup Vegetation System in the east, both within the Roe Botanical
District.
The Pallinup Zone within the Nyabing-Kukerin survey consists of the Upper Pallinup and
Toompup Systems. Its mapping hierarchy code is 241.

Accompanying map
Maps are a representation of the land reality. Soils form a continuum in the landscape,
therefore, unit boundaries are placed by surveyor judgement on evidence available at the scale
o f mapping. Rarely do they indicate sharp changes, but a position where the rate o f soil and
landscape variation is greatest.
The Nyabing-Kukerin survey was prepared for a map production scale of 1:150,000. The map
legend (on the ready to print .pdf files or the descriptions o f the mapped units) briefly
describes the landscape and major WA soil groups for each mapped unit (usually the
subsystem). Descriptions of map units apply to the whole survey and to any occurrences in
adjacent surveys. Individual map units (shapes or polygons) may differ significantly from this
description in terms o f the proportion of different soils and landfouns that occur within them.

36

NYABING - KUKERIN AREA LAND RESOURCES SURVEY

Thus the map only provides a guide to what may occur at a particular point or selected area,
not a definitive statement The map units within each soil-landscape systems all have the
same colour and the map legend is arranged alphabetically by soil-landscape system.

Soil-landscape systems
The twelve soil-landscape systems identified in the Nyabing-Kukerin survey are listed in
Table 8. The table indicates how each system fits into the mapping hierarchy and the area
each system covers in the Nyabing-Kukerin survey. Figure 9 is a map showing the boundaries
of the soil-landscape systems and the locations of towns in the survey area.
Table 8: Soil-landscape systems within the Nyabing-Kukerin survey and their place in
the mapping hierarchy.
Province and Zone
Avon Province
South-western Zone of
Ancient Drainage

South-eastern Zone of
Ancient Drainage

Stirling Province
Pallinup Zone

System

Hierarchy
Code

Area (ha)

% of
survey

Coblinine
Datatine
East Katanning
Kukerin

259Cb
259Dt
259Ek
259Kk

34,183
59,956
6,781
104,161

6.6
11.6
1.3
20.2

Lagan
Newdegate
Nyabing
Pingrup
Sharpe
Tieline

250La
250Nw
259Ny
250Pg
250Sh
250Tn

65,050
12,237
112,814
8,342
12,781
34,350

12.6
2.4
21.9
1.6
2.5
6.7

Toompup
Upper Pallinup

241Tm
241Up

2,300
62,129

0.5
12.1

Each system is subdivided into one or more subsystems and, in some cases, into phases.
Descriptions of the systems and their component subsystems and phases are included on the
accompanying CD-ROM. The map units are described in terms of their landforms, geology,
soils and native vegetation. Each system description includes a map showing the system's
distribution, a table listing the proportion of soil groups and a generalised cross-section. The
cross-section shows the relative position of the subsystems and most common phases within
the system. Each subsystem and phase description lists the proportion of land units in each
map unit and includes information on land qualities. Common soil series are also described.
Throughout the survey area, landforms are usually gently undulating to undulating rises
dominated by grey duplex soils. Their subsoils are generally sodic clays and are often alkaline
and calcareous. Gravels and deep sands are common on the crests and upper slopes,
particularly along the catchment divide o f the Blackwood and Avon Rivers. Seven major
systems of rises have been identified: East Katanning, Datatine, Kukerin, Newdegate,
Nyabing, Toompup and Upper Pallinup. The Tieline System consists o f both gently
undulating rises and plains.
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F i g u r e 9. Soil-landscape systems i n t h e s u r v e y area

Legend o f systems
Cb Cob'Mine
Dt Datatine
Ek East Katanning
Kk Kukerin
La Lagan
Nw Newdegate
Ny Nyabing
Pg Pingrup
Sh Sharpe
Tm Toompup
Tn Teine

Up tipper Pailinup
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The Kukerin and East Katanning Systems have extensive areas o f gravelly uplands with
pockets of pale deep sands. The gravels occur mainly on the crests and upper slopes on the
East Katanning System, but dominate the Kukerin System, often extending to the lower
slopes. Both these systems include narrow valley flats with saline wet soils. The Datatine
System has much less gravel. This system is associated with rises and low hills of mafic
gneiss and granite with dolerite and gabbro dykes common. The soils include red loamy
calcareous earths and alkaline red duplex soils as well as grey deep sandy duplex soils. This
system includes broad valley flats with dominantly red loamy soils. These systems occur in
the South-western Zone o f Ancient Drainage.
The Nyabing System has mainly grey shallow sandy and loamy duplex soils with hardsetting
topsoils. Its rises are capped with duplex sandy gravels and shallow gravels. The Newdegate
System in the north-east o f the survey area is similar to the Nyabing system with hardsetting
shallow duplex soils common and shallow and duplex sandy gravels on the crests o f rises.
However, the Newdegate System has significant areas o f yellow/brown duplex soils
associated with the gravels and grey duplex soils most commonly found on the lower slopes.
To the north of Gnowangerup and Ongerup, relief is very low, particularly in the Tieline
System. This system consists of level to gently undulating plains with some gently undulating
rises. The soils are again mainly grey deep and shallow sandy duplex soils with very little
gravel or deep sands occurring. Hardsetting grey loamy duplex soils are also common. This
system includes valley flats and alluvial plains within it, containing a significant proportion of
saline wet soils. The soils in the Tieline system are similar to those in the Nyabing system,
except for the absence of ironstone gravel soils. The Nyabing, Newdegate and Tieline
systems occur in the South-eastern Zone o f Ancient Drainage.

Red/brown non-cracking clays within the Datatine system (Photo: Melanie Roberts)
39

NYABING - KUKERIN AREA LAND RESOURCES SURVEY

From Gnowangerup south, the gently undulating to undulating rises drained by the Pallinup
River foul' the Upper Pallinup system. It has very similar soils to the Tieline system, with
hardsetting grey shallow duplex soil dominant, but the landscape is more dissected. Red
shallow sandy and loamy duplex soils, with alkaline subsoils, are commonly found on areas of
shallow dolerite and gabbro. In the south-east corner o f the survey area, the Toompup
System has gravelly upland plains with duplex sandy gravels and grey sandy duplex soils,
often with layers of gravel above the clay subsoil. The Upper Pallinup and Toompup
systems occur in the Pallinup Zone.
Four systems are associated with broad alluvial plains and salt lakes. These are the
Coblinine, Lagan, Pingrup and Sharpe Systems. The Coblinine System consists o f broad
(1-7 km wide), level to gently undulating alluvial plains formed by the Coblinine and Lefroy
Rivers and the Dongolocking Creek. Dominant soils in the system are saline wet soils with
significant areas of alkaline grey shallow sandy and loamy duplex soils. Grey deep sandy
duplex soils, grey hard cracking clays and grey calcareous barns also occur in this system.
The Coblinine system occurs in the South-western Zone o f Ancient Drainage.
The Sharpe System consists of broad alluvial plains draining into the salt lakes o f the Lagan
System. The soils are dominated by alkaline grey shallow, and less commonly deep, sandy
duplex soils with some alkaline grey shallow loamy duplex soils and yellow/brown sandy
duplex soils. The Sharpe system is similar to the Coblinine System but is associated with
salt lakes within the South-eastern Zone of Ancient Drainage.
Chains o f salt lakes on saline broad valley floors and associated lunettes form the Lagan
System. It includes the large playas of Lake Grace North and South and Lake Chinocup. The
soils are dominated by salt lake soils and saline wet soil with calcareous loamy earths and
alkaline duplex soils on the lunettes. The Pingrup System has shallow broad valleys with salt
lakes and low dunes. The soils are alkaline grey shallow loamy and sandy duplexes,
calcareous loamy earths, pale deep sands and saline wet soils. Most of the lakes and swamps
are saline but some remain fresh. The aeolian deposits in Pingrup System are mainly nonsaline sands while in the Lagan System they are mainly saline calcareous deposits. The
Lagan and Pingrup systems occur in the South-eastern Zone of Ancient Drainage.

Grey deep sandy duplex soils on undulating plains o f the Pingrup System
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Soils
The dominant soils in the survey area are sandy and loamy duplex soils, usually with grey
coloured topsoils over brown, grey or brownish yellow coloured subsoils. Subsoil depths for
these soils range between 5 and 75 cm. Generally shallow duplex soils are more common
across the survey area than deep duplex soils. Their subsoils are usually light or medium
clays and are generally poorly structured and sodic Alkaline grey sandy and loamy duplex
soils most commonly occur on lower slopes, on low lying valley flats and alluvial plains, and
along the eastern margins of salt lakes. Yellow/brown sandy duplex soils, often containing
small amounts of ironstone gravels, occur on mid to upper slopes below uplands dominated
by ironstone gravelly soils. Red loamy and sandy duplex soils are found in areas of shallow
granitic bedrock and are often associated with mafic rocks such as dolerite.
Ironstone gravelly soils cap the rises throughout most of the survey area and include duplex
sandy gravels, shallow gravels, deep sandy gravels and loamy gravels. They usually range in
colour from pale grey, greyish brown to brownish yellow and are underlain by indurated
ironstone, reticulite, clay loam or sandy clay. Pale shallow and deep sands, gravelly pale deep
sands and less commonly yellow deep sands are associated with the ironstone gravelly soils.
In the Kukerin and East Katanning systems in the north and west o f the survey area,
ironstone gravelly soils dominate the rises with an association o f deep and shallow gravels,
duplex sandy gravels and pockets of pale deep sands. Figure 10 represents a typical catena
with shallow gravels and pale shallow sands on hard layers o f ironstone on the crests and
above breakaways. The depth o f gravel over cemented ironstone increases downslope with
ironstone gravelly soils often extending to the lower slopes. On mid to lower slopes, duplex
sandy gravels are the more common gravel soil and have mottled clay loam to clay subsoils.
Pale and, less often, yellow deep sands accumulate in pockets on the slopes o f the gravelly
uplands. The largest areas o f sand occur on the Blackwood catchment boundary. Acid
shallow duplex soils occur on the breakaway, below which grey shallow and deep duplex soils
dominate Alkaline grey shallow sandy and loamy duplex soils occur on mid to lower slopes
and valley floors. Saline wet soils also found along drainage lines and stream channels.

Figure 10: Typical soil catena in the north of the survey area (Kukerin & East
Katanning Systems)
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In the Newdegate, Nyabing, Toompup and Upper Pallinup systems, ironstone gravelly soils
are generally restricted to upper slopes and crests and are usually duplex sandy gravels with
smaller areas o f shallow and deep gravels. Small pockets of pale deep sands are sometimes
associated with the gravels. Figure 11 represents a typical catena with duplex sandy gravels
and gravelly grey sandy duplex soils dominating the crests and upper slopes. Breakaways
have relatively low relief o f one to two metres and are less evident that further north. The
dominant soils on the slopes and crests are grey sandy duplex soils with clay subsoils at
between 10 and 50 cm.

Figure 11: Typical soil catena in the south of the survey area (Nyabing & Upper Pallinup
Systems)
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In areas o f shallow granite bedrock found in the Datatine, Newdegate, Nyabing, Toompup
and Upper Pallinup systems, grey and yellowish/brown duplex soils and gritty brown deep
sands often occur. On areas o f weathered dolerite and gabbro, soils are red shallow loamy and
sandy duplex soils, commonly with sodic, alkaline clay subsoils. Red and, less often, grey
coloured calcareous loamy earths are also found in areas of shallow weathered rock.
In the Tieline system to the north of Ongerup and Gnowangerup, ironstone gravelly soils are
insignificant and the soils are dominated by hardsetting sandy and loamy shallow duplexes.
Low lying valley floors and plains in this system also have significant areas of saline wet soils
caused by the recent salinisation of duplex soils.
A chain o f large saline playas, mapped as the Lagan system, occurs in the east o f the survey
area and is dominated by salt lake soils and saline wet soils. Close to the lakes, the soils are
saline and highly calcareous due to influence o f aeolian deposits o f salts and salt laden clays.
Grey calcareous loamy earths dominate the dunes and lunettes surrounding the lakes. South
o f Pingrup, the salt lakes are generally smaller and occur in a gently undulating plain
dominated by alkaline grey duplex soils and pale deep sands (Pingrup system). Most o f the
lakes and swamps in this system are saline but some fresh water swamps occur close to
Ongerup. Figure 12 represents a cross-section across the Lagan and Pingrup systems.
Elsewhere, broad valley floors and alluvial plains within the Coblinine and Sharpe systems
are dominated by shallow sandy duplex soils with sodic clay subsoils. These subsoils often
have prismatic or columnar structure that essentially restricts roots and water movement to the
sand filled cracks between the clay peds.
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Figure 12: Soils and landforms in the salt lake systems (Lagan and Pingrup Systems)
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Soil groups
Over forty-five W A Soil Groups (Schoknecht 2002) were identified in the survey. These
have been attributed to the map units as part of the definition of unmapped land units.
Occasionally supergroups have been used where insufficient data are available to define the
most likely soil group. A summary of the expected occurrences of forty soil groups, their
areas and percentage of the whole survey area is listed in Table 9. Appendix 1 is a more
complete listing of the soil groups recorded in the survey and indicates the main map units
they occur in.
Sandy duplexes are the most common supergroup occupying 41% of the survey area. This is
followed by Ironstone gravelly soils at 17%, Loamy duplexes at 14% and Wet or waterlogged
soils at 12%.
The most common individual soil group is the Alkaline grey shallow sandy duplex covering
about 16% o f the survey area, followed by Grey shallow sandy duplex (9%), Alkaline grey
shallow loamy duplex (8%) and Saline wet soils (8%). Other significant soil groups include
Grey deep sandy duplex (7%), Duplex sandy gravel (6%), Shallow gravels (5%), Calcareous
loamy earths (5%) and Salt lake soils (4%). Other soil groups individually comprise less than
4% of the survey area.
Soil group qualifiers are used to further subdivide each soil group reflecting the range o f soil
properties within each and how these affect land management. A standard set o f Soil group
qualifiers has been included in the latest edition of Soil Groups of Western Australia
(Schoknecht 2002). Soil group qualifiers allow more specific information to be included
about soils without the strict definition and classification required for soil series. The most
.
common soil group qualifiers for each soil group are listed in Table 9. At a glance, poorly
structured (often sodic) subsoil is a very common qualifier over the duplex soils in particular.
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T a b l e 9: A r e a s o f W A soil g r o u p s a n d percentage o f s u r v e y area.*
Supergroup

W A Soil Group

Sandy duplexes
Alkaline grey shallow
212,800 ha 41% sandy duplex

Main Soil Group Qualifiers (>5% o f soil
group)

Poorly structured (often sodic) subsoil (PSS)

Grey deep sandy duplex

Coarse or medium grained sandy topsoil and
poorly structured (often sodic) clay subsoil (PPS)
Clayey, loamy or fine sand topsoil; poorly
structured (often sodic) subsoil (GSP)
Coarse or medium grained sandy topsoil and
neutral, non-sodic, well structured subsoil (PWN)

,
Alkaline grey deep sandy Coarse or medium grained sand topsoil and poorly
duplex
structured (often sodic) clay subsoil (PPS)

E
Yellow/brown deep
sandy duplex
,
Reticulite deep sandy
duplex
,
Red deep sandy duplex
F

Red shallow sandy
duplex

Duplex sandy gravel
Ironstone
gravelly soils
86,050 ha
17%
,
Shallow gravel

Deep sandy gravel

Loamy gravel

%

84,450

16

47,350

9

Poorly structured (often sodic) subsoil (PSS)

Grey shallow sandy
duplex

Yellow/brown shallow
sandy duplex
,
Acid shallow duplex

Area (ha)
*

Poorly structured (often sodic) subsoil (PSS)

T

'

34,400

—

Saline clay subsoils (SSS)
Poorly structured (often sodic) subsoil (PSS)
Poorly structured (often sodic) subsoil (PSS)

-

Poorly structured (often sodic) subsoil (PSS)
Neutral pH and well structured or permeable nonsodic subsoil (NEU)

—

Poorly structured (often sodic) subsoil (PSS)
Neutral clay subsoil (CNE)
Poorly structured (often sodic) subsoil (PSS)
Reticulite substrate (RET)
Acid clay subsoil (CAC)
Very gravelly >60% gravel within 80 cm (VGR)
Very shallow over cemented layer <30 cm (VSH)
Sandy matrix (SAM)
Very gravelly >60% gravel within 80 cm (VGR)
Very gravelly >60% gravel within 80 cm (VGR)
Clay loam to clay layer at 80-150 cm (GSE)
Permeable substrate at 80-150 cm (GSX)
Very deep with substrate >150 cm (GSV)
Coarse or medium sand and no rock or pan <150
cm (PSV)
Neutral or alkaline clay loam or clay in top 80 cm
(CNE)
Very gravelly >60% gravel within 80 cm (VGR)

2

10,250

2

7,100

1

6,650

1

4,450

1

3,900

1
4

1

28,350

6

24,950

5

17,100

3

15,650

3

* The areas o f W A soil groups are calculated by multiplying the percentage o f the soil group in each map unit by its area in the NyabingKukerin survey. To account for errors accrued in these calculations, the areas o f soil groups have been rounded to the nearest 50 hectares.
The areas given for Supergroup may be larger than the sum o f the areas o f soil groups as it includes soils not assigned to WA soil groups.
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T a b l e 9: A r e a s o f W A soil groups a n d percentage o f s u r v e y a r e a (continued).*
Supergroup

1WA Soil Group

Main Soil Group Qualifiers
(>5% of soil group)

1Poorly structured (often sodic) subsoil (PSS)
Loamy duplexes !Alkaline grey shallow
1
70,600 ha 14% !loamy duplex
4Grey shallow loamy duplex1Poorly structured (often sodic) subsoil (PSS)
tI Alkaline red shallow loamy Poorly structured (often sodic) subsoil (PSS)
1duplex
1
Red shallow loamy duplex 'Neutral pH and well structured or permeable nonisodic subsoil (NEU)
T
!Poorly structured (often sodic) subsoil (PSS)
Yellow/brown shallow
loamy duplex
1
Brown deep loamy duplex 'IPoorly structured (often sodic) subsoil (PSS)
Red deep loamy duplex
1
!Saline wet soil
Wet or
waterlogged
1
1
soils
63,100 ha 12% 1
1

1Poorly structured (often sodic) subsoil (PSS)
'Clay topsoil (CLY)
Shallow sandy duplex (SSD)
!Loamy-calcareous (LCA)
!Deep sandy duplex (DSD)
t1Deep loamy duplex (LDP)

I

Area
(ha) *I

%

42,0501

8

'

1

11,7501
10,550
2,600

I-

2
2

.

<1

2,8001+ <1
8001

<1

501

<1

40,850'

8

l
!Differentiation not required (DNR)
1 21,7501
4
±
'Not yet differentiated (UDF)
4501
<1
1
!Saline clay subsoil (SSS)
!Calcareous loamy earth
1 26,5001
Loamy earths
5
.I
1Saline clay subsoil (SSS)
1
5,950
34,900 ha 7% Brown loamy earth
Poorly structured (often sodic) subsoil (PSS)
-+
r
1
2,4501 <1
Loamy earths supergroup 1Saline clay subsoil (SSS)
'
1
1
1
7,9501
Pale deep sand
1Coarse or medium sand and no rock or pan <150
2
Deep sands
1cm (PSV)
20,550 ha 4%
I.
1Coarse medium sand and
1Gravelly pale deep sand
or
no rock or pan <150 1 5,450
1
(PSV)
1
1
1
1cm
_ !Fine sand
!Brown deep sand
4,050 1
1
to 80cm or sand increasing to clayey or
1
'loamy sand below 30 cm and rock or pan at 80[150
cm (FSR)
1!Coarse medium sand and
or
no rock or pan <150
cm (PSV)
1Fine sand to 80cm or sand increasing to clayey or
sand below 30 cm and no rock or pan <150
1cm (FSV)
—
!Clayey loamy sand by 30
Yellow deep sand
<1
3,050
or
cm and no pan or
!rock <150 cm (GSV)
1Salt lake soil
!Wet soil

olamy

* The areas o f WA soil groups are calculated by multiplying the percentage o f the soil group in each map unit by
its area in the Nyabing-Kukerin survey. To account for errors accrued in these calculations, the areas o f soil
groups have been rounded to the nearest 50 hectares. The areas given for Supergroup may be larger than the sum
o f the areas o f soil groups as it includes soils not assigned to WA soil groups.
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T a b l e 9: A r e a s o f W A soil g r o u p s a n d p e r c e n t a g e o f survey a r e a (continued).*
Supergroup

W A Soil Group

Main Soil Group Qualifiers
(>5% of soil group)

Area
(ha) *

(1/0

Non-cracking
clays

Grey non-cracking clay

Alkaline subsoil (CLK)

5,500

1

3,000

<1

6,550

1

4,750

1

1,550

<1

Red/brown non-cracking
Alkaline subsoil (CLK)
2% clay
8,600 ha
1
Rocky or stony
Bare rock (dolerite; gneiss; Differentiation not required (DNR)
soils
1% granite; quartz)
I
Cracking clays IHard cracking clay
Alkaline subsoil (CLK)
6,350 ha 1% Self-mulching cracking
Alkaline subsoil (CLK)
clay
Shallow sands
3,400 ha <1%

Pale shallow sand

Medium to coarse sand over rock at 30-80 cm
(P SR)

2,500

<1

Yellow/brown sand

Medium to coarse sand over rock at 30-80 cm
(P SR)

900

<1

Yellow sandy earth
Sandy earths
2 2 5 0 h a < 1% Pale sandy earth

•

Poorly structured (often sodic) subsoil (PSS)
Neutral pH and well structured or permeable nonsodic subsoil (NEU)

I
+

1,800

<1

350

<1

The areas o f W A soil groups are calculated by multiplying the percentage o f the soil group in each map unit
by its area in the Nyabing-Kukerin survey. To account for errors accrued in these calculations, the areas of
soil groups have been rounded to the nearest 50 hectares. The areas given for Supergroup may be larger
than the sum o f the areas o f soil groups as it includes soils not assigned to WA soil groups.

Alkaline grey shallow sandy duplex soils
are common in the survey area
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Australian Soil Classification
The Australian Soil Classification (Isbell 1996, 2002) is a national system widely used in
other states. Over 90% of soil profiles from the Nyabing survey have been classified using
this system. The ten Soil Orders found within the survey area are listed in Table 10.
Estimates o f the proportion of the survey covered by each Soil Order, interpreted from areas
of qualified soil groups, are included in Table 10. Also listed in this table are the soil groups
that typically align with each Soil Order.
The majority o f soils in survey are Sodosols (52%) reflecting that dominance o f sodic clay
subsoils in the duplex soils surveyed. About 7% are duplex soils with non-sodic clay subsoils
and are classified as Chromosols.
Hydrosols represent about 12% of the survey reflecting significant areas of Salt lakes and
Saline wet soils. Tenosols cover 10% of the area and comprise a variety of soils including
Deep Gravels, Shallow Gravels, Deep Sands and Shallow Sands. Kandosols represent about
6% of the survey and comprise Deep sandy gravels, Loamy gravels and Shallow gravels as
well as Yellow sandy earths and Reticulite deep sandy duplex soils. Calcarosols cover 5% of
the survey and are mainly Calcareous Loamy Earths formed in aeolian material from salt
lakes. Dennosols, Kurosols, Vertosols and Rudosols each occupy less than 5% o f the survey
area.

Hydrosols cover about 12% o f the survey area.
This Bleached Sodosolic Salic Hydrosol is located in the Pingrup System
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T a b l e 10: A u s t r a l i a n Soil Classification O r d e r s i n t h e s u r v e y a r e a (Isbell 2002).
Order
(Suborder)

O r d e r Description

Main W A Soil Groups

Abundance *

Calcarosol
(Calcic, Hypocalcic &
Hypercalcic)

Calcareous soils lacking a
marked texture contrast

Calcareous loamy earth

Few

Chromosol
(Brown & Yellow)

Soils with a marked
texture contrast, subsoils
do not disperse

Duplex sandy gravel**
Yellow/brown shallow and deep sandy
duplex

Few

Dermosol
(Grey, Brown & Red)

Soils with a structured
subsoil lacking a marked
texture contrast

Brown loamy earth
Grey non-cracking clay
Red/brown non-cracking clay

Very few

Hydrosol
(Salic & Hypersalic)

Seasonally wet soils

Saline wet soil
Salt lake soil

Common

Kandosol
(Brown & Yellow)

Soils with massive
subsoils, lacking a marked
texture contrast

Deep sandy gravel**
Loamy gravel
Shallow gravel**

Few

Kurosol
(Red, Brown &
Yellow)

Soils with a marked
texture contrast and
strongly acid subsoil

Acid shallow duplex

Very few

Rudosol
(Clastic &Leptic)

Soils with negligible
pedologic organisation

Shallow gravel**

Very few

Sodosol
(Brown, Grey, Red &
Yellow)

Soils with a marked
texture contrast and
dispersive, sodic subsoils

Duplex sandy gravel**
Alkaline grey shallow and deep sandy
duplex
Alkaline grey shallow loamy duplex
Alkaline red shallow loamy duplex
Grey shallow and deep sandy duplex;
Grey shallow loamy duplex
Yellow/brown shallow and deep sandy
duplex

Abundant

Tenosol
(Bleached-Orthic,
Brown-Orthic &
Yellow-Orthic; Sesquinodular)

Weakly developed B
horizons, lacking a
marked texture contrast

Shallow gravel**
Deep sandy gravel**
Pale deep sand
Gravelly pale deep sand
Brown deep sand
Yellow deep sand
Pale shallow sand

Common

Vertosol
(Grey & Red)

Clay soils which crack
when dry

Hard cracking clay;
Self-mulching cracking clay

Very few

* Proportion o f Soil Orders: Very few (<2%); Few (2-10%); Common (10-20%); Many (20-50%), Abundant
(50-90%) and Very Abundant (>90%)
** These soil groups appear in more than one Order. Classified soils profiles and soil series were used to assign
them to the relevant Order.
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Soil series
A soil series defines soils with a limited range o f morphological, chemical, physical and
mineralogical properties that can be managed as a single unit for most current and anticipated
land uses (Purdie 1993b). Their descriptions are more detailed than the soil group plus
qualifier combination. The soil series in Table 11 represent the main soils in the survey area.
Most soil series were previously described in the Katanning land resources survey (Percy
2000). Where possible the descriptions of the soil series on the accompanying CD-ROM
include reference soil profile from the survey. For most map units, soil series have been
allocated to land units under the field "Main Soil".
Table 11: Soil Series in the survey area, grouped by Soil Groups.
WA Soil Group

Common Soil Series

Acid shallow duplex

Balkuling; Balkuling 1; Lifflie; Lifflie 1

Alkaline grey shallow loamy duplex
Alkaline grey shallow sandy duplex

Peterson; Peterson 1; Peterson 2
Ballard 1; Ballard 3; Fairclough; Fairclough 1; Fairclough 2; Wishbone

Alkaline grey deep sandy duplex
Alkaline red shallow loamy duplex

Winspear

Calcareous loamy earth

Filmer; Warren 2

Brown deep sand

Boyaminning; Boyaminning 1; Boyaminning 2; Yowangup; Yowangup 1

Ballard; Ballard 2; Ballard 4

Brown loamy earth

Warren 1

Deep sandy gravel

Gibbs; Gibbs 1; Gibbs 2; Gorn; Yalanbee

Duplex sandy gravel

Lennard; Lennard 1; Lennard 2; Lennard 4; Wahkinup; Wahkinup 1;
Wahkinup 2

Gravelly pale deep sand

Kauring

Grey shallow loamy duplex

Kibbleup; Kibbleup 1; Moodiarup; Moodiarup 1; Moodiarup 2

Grey shallow sandy duplex

Eastwood; Eastwood 1; Eastwood 2; Indinup 1; Tarwonga 3; Warup 3

Grey deep sandy duplex

Eulanda; Indinup; Moojebin; Moojebin 1; Moojebin 2; Moojebin 3;
Moojebin 4; Warup

Grey non-cracking clay

Warren 3

Hard cracking clay

Beynon; Filmer 2

Loamy earths supergroup
Loamy gravel

Warren

Pale deep sand

Kauring 2; Ravenscliffe

Cumming; Cumming 1; De Campo; De Campo 2

Pale shallow sand

Kauring 1

Red deep loamy duplex

Hensman

Red deep sandy duplex

Lowdon; Lowdon 3

Red shallow loamy duplex

Muradup

Red shallow sandy duplex

Lowdon 4; Winspear 1

Saline wet soil

Brynie; Brynie 2; Brynie 4; Brynie 5; Brynie 7; Brynie 8; Brynie 9

Shallow gravel

Worsley; Worsley 1; Gorn 1; Gorn 2

Self-mulching cracking clay

Filmer 1

Yellow/brown deep sandy duplex

Warup 2

Yellow deep sand

Jarrahwood
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Interpretation of land resource survey results
The interpretation of data collected in regional land resource surveys is based on current
knowledge o f soil properties, distribution and behaviour. This information is used to
determine whether a soil or a mapping unit is susceptible to degradation or is suitable for a
particular use (land use interpretation). This assists land managers in making decisions. The
interpreted data is presented as land qualities.
Land qualities are attributes of the land that affect its capability for a specified use (Wells and
King 1989). Some characteristics such as water repellence or susceptibly to subsoil
acidification can be attributed directly to soil. Others are linked directly to the land unit such
as flood risk regardless of the soils present. Most land qualities are derived from a
combination o f soil and landscape characteristics.
Land qualities have been assessed for each land unit (the combination o f qualified soil group
and landscape position) in each o f the three soil-landscape zones covered by the survey. The
assessments were made using the methods outlined in van Gool, Moore and Tille (in prep.).
The complete set of land quality assessments for each map unit can be accessed using the CDROM.
Land qualities are used when making capability assessments for particular land uses or to
prepare specific land degradation hazard maps. No land capability maps have been included
in this report as the methodology and results are being assessed. Interpreted maps for five
land degradation issues considered most relevant to the survey area have been included on the
CD-ROM. These are subsoil compaction, surface structure decline, water erosion, wind
erosion and water repellence (non-wetting soils). For soil salinity see Saline wet soils on the
CD-ROM.

Soil salinity
Salinity can be classified into primary and secondary types. Primary soil salinity is not
induced by land clearing. It occurs throughout the world in arid climates and is prevalent
towards the eastern margin of the agricultural region, but also includes existing salt lakes and
salt marshes in higher rainfall areas. Secondary soil salinity occurs due to changes in land use
and management - mainly the clearing of perennial vegetation. It develops when saline
groundwater rises and evaporates from the surface leaving the salts behind. Salts accumulate
in the soil to toxic levels, which only the most tolerant plants can survive. Extremely high salt
levels result in bare soil. Land clearing over the past 100 years has left less than 10% o f the
native vegetation remaining in the survey area. The lower water use by agricultural species
has resulted in groundwater levels rising.
Overall about 12% of the Nyabing-Kukerin survey has moderate to extreme surface soil
salinity comprising Saline wet soils (8%) and Salt lake soils (4%). Soil salinity was assessed
in the survey using indicator plant species and field measurements o f soil electrical
conductivity.
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Saline wet soils are seasonally wet soils subject to secondary salinity and are most common
the alluvial plains and flats within the Lagan, Coblinine, Pingrup and Tieline Systems. They
also occur along drainage depressions and low-lying areas throughout the survey area. Small
areas of Saline wet soils also occur as saline hillside seeps where bedrock is shallow such as
in the Upper Pallinup and Datatine systems. A map showing the distribution o f Saline wet
soils is included on the CD-ROM.
Salt lake soils within the Lagan system are examples of primary salinity. Salt lake soils also
occur within the Pingrup and Coblinine systems and include fresh lakes and swamps that have
become salinised since land clearing.
Some soils have naturally high levels of salts in their clay subsoils. Acid shallow duplex soils
with saline subsoils are often found on breakaways formed in the mottled and pallid zones of
the laterite profile. These zones appear to provide a source o f the moderate to high levels of
salt as these soils are often found high in the landscape and are not associated with shallow
saline watertables.
In the survey, Calcareous loamy earths and Hard cracking clays also contain high salt levels in
their subsoils that are not always associated with rising saline groundwater. These soils are
commonly found in the Lagan system and have formed on saline calcareous aeolian material
derived from nearly saline playas.
While almost any soil can develop secondary salinity, those with the highest hazard are found
on drainage lines, valley flats and alluvial plains where the saline groundwater is generally
shallowest. These areas include the Sharpe and Coblinine systems and low-lying areas within
the Lagan and Pingrup systems. Other areas of high salinity hazard are the valley floors and
drainage depressions within the East Katarming, Datatine, Kukerin, Tieline, Toompup and
Upper Pallinup systems and soils underlain by shallow bedrock where saline groundwater can
accumulate.
Based on the methods outlined in van Gool et al (in prep.), about 10% o f the survey area is
estimated as having moderate to high salinity hazard with an additional 10% having partial or
low hazard. Additional data sets including Land Monitor and observations o f groundwater
levels can be used to make more accurate assessments of salinity hazard across individual
catchments such as for the Katanning Zone between Nyabing and Gnowangerup (Blackwood
RCA Team, 2001).
Generally the Ironstone gravelly soils and Deep sands located on crests and mid to upper
slopes have nil or very low salinity hazard. These soils are usually well to rapidly drained and
have the greatest depth to saline watertables.

Surface and subsurface acidification
Across the survey area, the sandy surfaced soils usually have acid or strongly acid topsoils.
Most commonly these include Grey shallow sandy duplex soils, Alkaline grey shallow sandy
duplex soils, Grey deep sandy duplex soils, Acid shallow duplex soils, Pale deep and shallow
sands, Gravelly pale deep sands, Duplex sandy gravels, Deep sandy gravels and Shallow
gravels. Yellow/brown sandy duplex soils also often have acid subsurface layers.
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Acid surface and subsurface soils are most common within the Kukerin, Datatine, Nyabing,
Upper Pallinup and Toompup Systems and are associated with sandy duplex soils, duplex
sandy gravels and deep sands. Sandy duplex soils in the Coblinine, Newdegate, Pingrup,
Sharpe and Tieline Systems generally have acid surface soils with neutral or alkaline clay
subsoils at shallow depths. Subsurface acidity (i.e. at 20cm) can still be a problem on these
soils, particularly when the surface soil layers are a little deeper (e.g. 30-50cm). Soils in the
Lagan System generally have neutral surface soils with alkaline subsurface layers, reflecting
the alkaline aeolian material in which many o f the soils were formed.
The development of low soil pH depends on a number of factors including susceptibility, the
length o f time since clearing and the type o f crops and pastures grown. The susceptibility of
subsurface soil layer below the organic topsoil was assessed using the method outlined in van
Gool, et al (in prep). The most highly susceptible soils for subsurface acidification within the
next 15 years include Acid shallow duplex soils, Grey deep sandy duplex soils, Gravelly pale
deep sands, Pale deep sands, Pale shallow sands, Yellow deep sands, Red deep sandy duplex
soils and Duplex sandy gravels.
Soils with acid and highly susceptible subsoils effect about 20% of the survey area. The
highest proportions o f these soils occur in the East Katanning, Kukerin, Datatine, Newdegate,
Nyabing and Toompup systems. Significant areas of the Coblinine, Tieline and Pingrup
systems are also highly susceptible to subsurface acidification.

Subsurface compaction
Subsurface compaction of soils can result in plough and traffic pans. Plough pans develop in
response to repeated tillage and are found in medium and fine textured soils just below the
tilled layer. Traffic pans occur deeper in the soil and are caused by the compression due to
traffic. They are more common on coarse to medium textured soils (Needham et al. 1998).
Susceptibility to subsurface compaction was assessed using the method outlined in van Gool
et al (in prep) was used.
The most susceptible soils have low organic carbon (<2%) and loamy sand to sandy loam
textures at 10-50 cm. These include Acid shallow duplex, Alkaline grey deep and shallow
sandy duplex soils, Brown deep loamy duplex soils, Brown deep sands, Calcareous loamy
earths, Grey deep and shallow sandy duplex soils, Red deep loamy and sandy duplex soils and
Yellow deep sands. On shallow duplex soils, the presence o f the shallow clay subsoils usually
presents a more significant impediment to root growth than compacted subsurface sand layers.
Almost half the survey area has soils that are highly susceptible to subsurface compaction.
The distribution map included on the CD-ROM indicates the highest proportions of highly
susceptible soils occur in the Coblinine, Kukerin, Lagan, Nyabing, Pingrup, Tieline and
Sharpe systems. The Datatine, East Katanning Newdegate and Upper Pallinup systems
contain significant areas of highly susceptible soils.
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Surface soil structure decline
Soil structure decline refers to the changes in the structure and surface condition o f the top
layers of the soil since clearing and cultivation. This decline makes the topsoil hard and more
compact, effectively reducing the amount o f infiltration while increasing the level o f run-off
(van Gool, et al in prep.). Topsoil textures o f sandy loam to clay are generally moderately or
highly susceptible to soil structure decline and most become hardsetting after repeated
cultivation. In the survey area this includes Brown loamy earths, Calcareous loamy earths
Grey non-cracking clays, Hard cracking clays and Red/brown non-cracking clays.
Shallow duplex soils within the Newdegate, Nyabing, Tieline, Upper Pallinup, Kukerin, East
Katanning and Datatine systems also display problems with surface structure decline. Many
o f the grey coloured duplex soils are referred to locally as "moort" soils or hardsetting grey
clays and have been difficult to manage because of there narrow range of workability,
relatively impermeable subsoils and hardsetting surfaces. Highly susceptible duplex soils
include Acid shallow duplex soils, Alkaline grey shallow sandy and loamy duplex soils, Grey
shallow sandy and loamy duplex soils, Alkaline red shallow loamy duplex soils, Red and
Yellow/brown shallow loamy duplex soils.
Self-mulching cracking clays have strongly structured topsoils that are less susceptible to
structural decline. Other soils have sandier topsoils and usually have soft to firm surfaces
when dry and have a low susceptibility to surface decline.
About a third o f the survey area has soils that are highly susceptible to surface structure
decline. The distribution map included on the CD-ROM indicates the highest proportions of
highly susceptible soils occur in the East Katanning, Datatine, Kukerin, Nyabing, Pingrup and
Sharpe systems. The Tieline, Upper Pallinup, Coblinine and Newdegate systems also have
significant areas of soils that are highly susceptible to structure decline.

Water erosion
All soils are susceptible to water erosion which contributes to decline in soil fertility through
the loss of soil nutrients. It also has off-site effects as the loss of topsoil causes siltation and
contributes to eutrophication. Water erosion can provide a major source of phosphorus into
waterways and water bodies. Water erosion is not continual and often associated with high
intensity rainfall events that occur at irregular intervals. Management factors that expose the
soil surface to rainfall such as cultivation, overgrazing and burning plant residues also play an
important role in the severity of soil loss due to water erosion. Landscape features such as
slope gradient and length, as well as soil properties combine to determine the susceptibility of
a land unit to water erosion.
Properties that increase a soil's inherent erodibility include:
• low organic matter content (<1% organic carbon)
•

high silt or fine sand content (>65%)

•

unstable soil structure, particularly dispersive soils

•

waterlogging, except for coarse sands, as runoff occurs more readily.
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About 6% o f the survey area has high to extreme water erosion hazard and 17% has moderate
water erosion hazard. Soil-landscapes with moderate to extreme water erosion hazard are
displayed on the distribution map included on the CD-ROM.
High water erosion hazard is associated with infrequent flood events on the broad valley
floors in the Coblinine, Lagan, Sharpe and Tieline systems. Acid shallow duplex soils on
steeply sloping breakaways also have high water erosion hazard. Eroded breakaways occur in
the Kukerin, Datatine, Nyabing, Newdegate and Upper Pallinup Systems. Saline stream
channels, drainage lines and hillside seeps are also prone to erosion including rill and gully
erosion.
The very gently to gently undulating rises and low hills o f the Datatine, Kukerin, Nyabing,
Newdegate, East Katanning and Upper Pallinup systems generally have low to moderate water
erosion hazard. Moderate erosion hazard is associated with long slopes (1-3%) and slopes of
greater than 3% in the Upper Pallinup, Kukerin, Datatine and Nyabing systems.

Wind erosion
As with water erosion, major wind erosion events occur infrequently. This is important to
note, because the maps show susceptible soils, not currently eroding soils. However although
bare, lighter soils blow frequently on winds as low as 8m/s or 28 km/hr (Moore, Findlater, and
Carter 1998) during late summer and autumn. Wind erosion can have many effects including
sand blasting of crops, loss of soil nutrients and associated losses in productivity, and air
pollution. In extreme events, soil can bury fences and roads, and fill dams. A soil's
susceptibility to wind erosion can be assessed from its soil texture and surface condition. The
most susceptible soils have loose topsoils. Hardsetting soils with sandy loam or clayier
surface textures are the least susceptible to wind erosion. More than 50% surface cover of
stones or gravels protects the bare soil from wind erosion to some extent.
Highly susceptible soils include Pale deep sands, Gravelly pale deep sands, Pale shallow
sands, Yellow deep sands, Brown deep sands, Grey deep sandy duplex soils and Alkaline grey
deep sandy duplex soils. Gravelly soils such as Deep sandy gravels, Duplex sandy gravels
and Shallow gravels are also highly susceptible to wind erosion if their surface gravel cover is
less than 50%.
Other sandy surfaced soils such as the Grey shallow sandy duplex soils and Alkaline shallow
sandy duplex soils have a low to moderate wind erosion hazard, as their surface condition is
generally firm or hardsetting. Practices that disturb the surfaces o f these soils such as
cultivation or overgrazing in dry seasons will increase the hazard on these soils. The loss of
sandy topsoil from the shallow duplex soils brings the poor clay subsoils close to the surface
and in extreme circumstances the clay subsoils become exposed at the surface.
About a third o f the survey area has high to extreme wind erosion hazard including large areas
in the Toompup, Kukerin, East Katanning, Newdegate, Nyabing, Pingrup and Upper Pallinup
systems. Areas o f high to extreme wind erosion hazard are indicated on the map included on
the CD-ROM.
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Water repellence
Water repellence results in uneven wetting in topsoils and patches o f dry soil among wet soil.
This affects the germination o f crops and pastures. A soil's susceptibility to water repellence
is related to its surface area and the supply o f water repellent compounds which varies with
land use and the productivity o f the agricultural system. Water repellence can promote sheet
erosion in areas where it is not expected to occur. The water repellence o f the soils in the
Nyabing-Kukerin survey was assessed using the method outlined in van Gool, et al (in prep).
Generally the most susceptible soils have the sandiest topsoils with less than 2% clay. These
include Pale deep sands, Pale shallow sands, Gravelly pale deep sands and Brown deep sands.
Acid shallow duplex soils with loamy topsoils are often inherently water repellent. This is
related to the oils and waxes that drop from the native trees, mainly mallet.
Other sandy surfaced soils are moderately susceptible to water repellence. They are more
likely to develop water repellence as organic matter levels build up under long-term cloverdominant pasture or on sheep camps. These include Alkaline grey deep sandy duplex soils,
Grey deep sandy duplex soils, Acid shallow duplex (with sandy topsoils), Yellow deep sands,
Duplex sandy gravels, Shallow gravels and Deep sandy gravels.
Soils assessed as highly susceptible to water repellence occur across about one third o f the
survey area, largely within the Coblinine, East Katanning, Kukerin, Newdegate, Nyabing,
Pingrup, Sharpe and Toompup systems. The map included on the CD-ROM indicates the
distribution o f highly susceptible soils across the survey area.

Pale deep sands often have water repellent surface and are susceptible to wind erosion.
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Glossary
Adamellite: A form o f granite with roughly equal calcium and potassium-bearing minerals.
Aeolian deposit: Material transported and/or arranged by wind.
Alluvium: Material transported and deposited by flowing water such as rivers.
Apedal: Structureless soil with no observable peds.
Apedal massive: Describes a soil which is coherent and separates into fragments when
disturbed. These may be crushed to ultimate particles.
Apedal single-grained: Describes a soil that consists of loose, incoherent particles.
Archaean: Represents the period of time about 2,700 million years ago.
Cainozoic: Represents the period of time dating from the present to about 65 million years
ago.
CEC (Cation exchange capacity): The total amount o f exchangeable cations that a soil can
absorb being made up o f calcium, magnesium, potassium, sodium, aluminum and
hydrogen. CEC affects soil properties and behaviour, stability of structure, the
availability of some nutrients for plant growth and soil pH.
Colluvium: Materials transported and deposited by gravity.
Conglomerate: A group of sedimentary rocks consisting o f rounded and sub-rounded
particles, many greater than 2 mm in diameter.
Craton: Major structural unit o f the Earth's crust, consisting of a large stable mass o f rock.
Crystalline rock: An igneous or metamorphic rock such as granite or gneiss.
Dolerite: A medium grained basic igneous rock that has crystallised near the surface,
typically occurring as a dyke, sill or plug.
Diorite: A granular igneous rock consisting essentially o f felspar and hornblende.
Duplex soil: A soil with a sudden increase in texture between the topsoil and subsoil, e.g. a
sand over a clay.
Dyke: A sheet-like body of igneous rock cutting across the bedding or structural planes o f the
host rock. They typically appear on the surface as relatively narrow, linear features.
Earthy fabric: The soil material is coherent and characterised by the presence o f pores and
few if any peds.
Fault: A fracture or fracture zone of the Earth's crust with displacement along one side in
respect to the other.
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Ferricrete: A layer of material strongly cemented by iron which looks like rock. Formed in
laterite and often called sheet laterite, ironstone caprock or duricrust.
Gabbro: A coarse-grained basic igneous rock similar to dolerite.
Gneiss: Banded rocks which are generally coarse-grained and formed through high grade
regional metamorphism.
Granite: A coarse-grained igneous rock consisting essentially o f quartz (20 to 40%), feldspar
and very commonly a mica.
Halophyte: Salt-tolerant species of plant such as samphire.
Hardsetting: Describes a soil which is compact, hard and apparently apedal when dry, but
softens on wetting.
Horizons: A term used to describe individual layers in a soil profile. Each horizon has
morphological properties different from those above and below it.
Igneous rock: Formed from magma which has cooled and solidified at the earth's surface or
within the earth's crust.
Indurated layer: A layer of material hardened by cementation or pressure.
Laterite: Residual deposits, thought to be formed in past tropical environments under
climatic extremes of wet and dry seasons throughout the year. Leaching of the profile
removes sodium, potassium, calcium and magnesium ions. Iron oxides remain to form
a hardened and cemented layer. The lateritic profile typically consists of sand or gravel
on top of a ferruginous duricrust where the iron oxides have accumulated. This overlies
a mottled clay and then a pallid zone (white clay) from which the leaching has occurred.
Loam: A medium-textured soil of approximate composition 10 to 25% clay, 25 to 50% silt
and less than 50% sand.
Loose: Describes the condition of an incoherent mass of individual soil particles or
aggregates easily disturbed by pressure of forefinger.
Lunette: An elongated, gently curved, low ridge built up by wind on the margin o f a lake or
playa.
Mafic: Igneous rocks such as dolerite and gabbro with high proportion o f dark coloured
minerals containing magnesium and/or iron
Metamorphic rocks: Rocks such as gneiss which have been altered by heat and/or pressure.
Migmatite: Rock composed of two sources: the metamorphic host rock and an invading
granitic material.
Pallid zone: White to pink kaolinitic clay formed in the lower part of the lateritic profile.
See laterite above.
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pH: A measure o f the acidity or alkalinity o f the soil which can range from 1 to 14. Most
plants grow best when the soil pH is in the range o f 5.5 to 8.0. As a guide pH values
can be grouped as follows:
pH(Calcium Choride)

pH(Water)

strongly acid

<4.5

<5.5

acid

4.5-<5.5

5.5-<6.5

neutral

5.5-<7.0

6.5-<8.0

alkaline

>7.0

>8.0

Plateau: A level to rolling landform pattern o f plains, rises or low hills standing above a cliff
or escarpment.
Playa: A large, shallow, level floored closed depression, intermittently water-filled but
mainly dry due to evaporation.
Peds: Natural soil aggregates consisting o f primary soil particles held together by cohesive
forces or secondary materials such as iron oxides, silica or organic matter.
Blocky peds are cube-shaped with six relatively flat, roughly equal faces.
Crumb peds are small (1 to 5 mm diameter) soft, porous and more or less rounded.
They are usually bonded by organic matter.
Polyhedral peds have an uneven shape with more than six faces.
Rough-faced peds have porous surfaces.
Smooth-faced peds have smooth, sometimes shiny, surfaces.
Quartz: Mineral composed o f silicon dioxide (Si02).
Quartzite: A metamorphic rock consisting o f interlocking quartz crystals.
Reticulite: A reddish, yellowish, grey and white mottled horizon common in the wheatbelt
below surface gravels. The mottling has a reticulate (net-like) pattern. It has a 'gritty'
field texture o f sandy loam to sandy clay loam, but until textured often looks like a
clayey horizon. Clay content usually increases with depth. When moist it is usually
hard and brittle and can be augered or hand cut with a spade, however it often hardens
further on drying. Some ironstone gravel may be present but this is not diagnostic.
Salinity: Usually refers to condition of high level o f soluble salts, especially sodium chloride,
in water or a soil profile. High salt levels in the soil water increase the osmotic pressure
and reduce the plant's ability to take up moisture. Salinity in the soil profile can come
from rising saline groundwater and by addition of water with low to moderate levels of
salt, which is concentrated as the water evaporates.
Sandy fabric: Sand grains provide the characteristic appearance o f the soil mass.
Saprolite: Soft, more or less decomposed rock remaining in its original place.
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Sedimentary deposits: Materials which have been moved from their site of origin by the
action of wind, water, gravity or ice and then deposited. When these materials become
consolidated and hard they are known as sedimentary rocks.
Shear zone: A tabular geological zone where rocks have been defaulted due to shear stress
(i.e. stress causing fracturing and compression along parallel planes).
Silcrete: Strongly indurated siliceous material.
Sodic: Description of a soil where the B horizon has an exchangeable sodium percentage
(ESP) of more than 6. Sodic soils can be structurally unstable and plant growth may be
adversely affected.
Structured: Describes a soil which contains peds.
Subsoil: Layer/s o f a soil below the topsoil which are usually higher in clay and lower in
organic matter than the topsoil. Often called the B horizon/s o f a profile.
Swale: A linear, level floored open depression excavated by wind or formed by the buildup
of two adjacent ridges. Typically associated with the depression between adjacent sand
dunes.
Texture: The proportion of sand, silt or clay particles in the soil, defining the coarseness or
fineness of the soil material as it affects the behaviour o f a moist ball o f soil when
pressed between the thumb and forefinger.
Topsoil: Surface layer/s of a soil which are usually higher in organic matter (at least at the
surface) and lower in clay than the lowest layers (subsoil). Often called the A horizons
o f the profile.
Weathering: The physical and chemical disintegration, alteration and decomposition of
rocks and minerals at or near the earth's surface by atmospheric and biological agents.
Well graded: Applies to soils which have a range of particle sizes, cf. poorly graded which
have a narrow range (see Figure 4.2.2 in Needham et al. 1998).
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Appendix 1: Full list of soils and map units
The table below (ordered by soil super group) indicates all occurrences o f qualified soil
groups within the survey area. (Changes are possible especially in units shared with adjacent
surveys.)
Soil Group

% of
survey

map units where
>5% of map unit

13,950

2.7

SSD

12,250

2.4

LCA
DSD

7,750
4,000

1.5
0.8

Cb2;Cb3; Cb4; Lallf;
Lal sal; Pgls; Tnl
Cb3; Cb4; Kk4; Lallf;
Lalsal; Pgl; Pgls; Pg6;
Up4;Up5; Up6
La 1 lf; La 1 sal;Lal sl; Pgls
Cb2; Ek4; Up5; Lal sal; Dt4

LDP
DNR

2,900
21,750

0.6
4.2

Qualifier

Area (ha)

W E T OR WATERLOGGED SOILS
Saline wet soil
CLY

map units where
<5% o f map unit

Cbl ; Nw2; Ny2; Pg2;
Sh2f; Tm3
La2
Cb3; Dt2; Ek2; Ek3;
Kk3dd; Kk3sd; Up2;
Up3
Cb3
Pgl s

450

<0.1

Cb2; Cb4; Dt3; Dt4
Cb4; Lallf; Lal sl; Pgl; Pg2;
Sh2
Pg5

6,500
<50

1.3
<0.1

Nw6; Ny3; Up3
Nw6

Dt2; Dt3; Kk3dd

4,900
4,750
3,800
3,150
500
19,100

1.0
0.9
0.7
0.6
0.1
3.7

Dtl; Kkl; Kkldg; Upl
D a ; Ekl; Kkldg: Nyl
Kkl; Kkldg; Tm2

Ekl; Nyl
Ek2; Kk3dd

Loamy gravel

PPS
RET
CAC
VGR
CNE

2,950
2,250
2,250
1,800
13,350

0.6
0.4
0.4
0.4
2.6

Shallow gravel

VGR
VSH

2,300
9,400

0.5
1.8

SAM

8,250

1.6

VGR

7,300

1.4

Salt lake soil

UDF
Wet soil
ROCKY OR S T O N Y SOILS
Bare rock
DNR
Stony soil
UDF
IRONSTONE GRAVELLY SOILS
VGR
Deep sandy gravel
GSE
GSV
GSX
PSV
Duplex sandy
CNE
gravel

Dtl

Kkl
Ekl ; Nyl
D a ; Ekl; Ek2; Kk2; Kk3dd;
Nyl; Nyls; Ny2; Tm2; Tn3;
Upl; Up2; Up3; Up4
Dt2; Ek2; Kkldg
Kid
Kkl
Nw2; Nw4; Nyl
Ekl; Ek3; DU; Dt3; Kkl;
Kkldg; Nyl; Tm2; Upl
Kkl
Dt1; Dt2; Ekl; Ekls; Kkl;
Kkldg; Nw4; Nyl; Tm2;
Tn3
Ekl; Ekls; Kkl; Kkldg;
Nyl; Tn3
D a ; Ekl; Kkldg; Kk2; Nyl;
Upl

Tn2

Nwl
Dt2; Ek2; Kk2
Nw2; Nw4
Dt2; Nw2

Dt2; Nwl

* For a description o f the soil group qualifier see Schoknecht (2002) which is provided on the CD-ROM.
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A p p e n d i x 1 Soils a n d m a p units (continued).*
Soil Group

Qualifier
*

Area (ha)

% of
survey

map units where
> 5 % of map unit

map units where
<5% o f map unit

Ny2; Ny3

Dt1; Kk2; Nyl; Upl;
Up2

S A N D Y DUPLEXES
Acid shallow
duplex
Alkaline grey deep
sandy duplex

SSS

5,800

1.1

PSS

1,300

0.3

PPS

9,800

1.9

SSS

350

<0.1

GSP

200

<0.1

Tm3; Up5

<50

<0.1

Kk3u

84,200

16.1

Cbl ; Cb2; Cb3; Dt2; Dt3;
Dt4; Ek2; Ek3; Ek4; Kk2;
Kk3dd; Kk3sd; Kk3u; Kk4;
Lal lf; Lal sal; Nwl; Nwl a;
Nw2; Nw3; Nw4; Ny2; Ny3;
Pgl; Pgls, Pg2; Pg6; Sh2;
Sh2f; Tnl; Tn2; Tm3; Upl;
Up2; Up3; Up4; Up5; Up6

PWK
Alkaline grey
shallow sandy
duplex

PSS

ALK
Grey deep sandy
duplex

250

Ekl; Kk2; Tn2
Cbl; Cb2; Ek2; Kk3dd;
Kk3u; Nwl; Nw2; Nw3;
Nw4; Ny2; Pgl; Pg2; Pg3;
Pg6; Sh2f; Tm3

Lal sal; Tnl; Tn2

La2
La2
Cb4; Ekl; La2; Nyl;
Pg3

<0.1

Kk3u

PPS

26,100

5.1

Chi; Cb2; Dt3; Ek2; Ek4;
Kk2; Kk3dd; Kk3sd; Kk3u;
Nwl; Nw2: Nw3; Nw4;
Ny2; Pgl; Pg3: Pg5; Pg6;
Tnl; Tn2; Tn3; Tm2; Tm3;
U p l ; Up2

Cb4; D a ; Dt2; Ekl;
Kkldg; Lalsal; Pg2;
Up3

GSP

6,700

2.2

Dt2; Ek2; Nw3; Tn2; Up6

Kk3dd; Ny2; Up2;
Up3

PWN

1,550

0.3

Ek2; Nyl

GSN

150

<0.1

Kk3u

Grey shallow sandy
duplex

PSS

47,350

9.2

Cbl ; Cb2; Dt2; Ek2; Ek4;
Kk2; Kk3dd; Nw2; Nw3;
Nw4; Ny2; Ny3; Pgl; Pg2;
Pg6; Tnl; Tn2; Tm2; Tm3;
U p l ; Up2; Up3; Up4; Up6

Cb3; Dt4; Nwl

Red deep sandy
duplex

NEU

3,900

0.8

Dt2; Dt3; Ny3

Up3

Red shallow sandy
duplex

PSS

3,750

0.7

Kk3dd; Nw6; Up3

Dt2; Ek3; Tm3; Up2

Reticulite deep
sandy duplex

PSS

4,450

0.9

Kkl
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Appendix 1 Soils and map units (continued).
Soil Group

Qualifier
*

Area (ha)

% of
survey

map units where
> 5 % of map unit

map units where
<5% o f map unit

1.3

Cb1; Kk2; Nw2; Nw4; Nw6;
Pg5; Sh2f; Up5

Cb3; Ek2; N y l ; Tm3;
Up2; Up3

<0.1

Tm2

1.9

Chi; Dt3; Kk2; Ny3; Nwl;
Nw2; Nw4; Pgl; Sh2; Sh2f

Ek2; Dt2; Dt4; La2;
Nyl; Pg2; Up2

Tm2

Pg3

S A N D Y DUPLEXES (continued)
Yellow/brown deep
sandy duplex

PSS
NEU

Yellow/brown
shallow sandy
duplex

PSS

6,550
100
10,000

NEU

200

<0.1

ALK

50

<0.1

Pale shallow sand

PSR

2,500

0.5

Ekls; Kkls; Nyls; Upls

Ekl; Nyl

Yellow/brown
shallow sand

PSR

900

0.2

Nw2

Nyl

FSR

2,750

0.5

Dt2

Up3

PSV

1,000

0.2

Cbl; Cb4

Cb2; Cb3

FSV

200

<0.1

Up5; Up6

GSE

100

<0.1

UDF

<50

<0.1

Nw6

Gravelly pale deep
sand

PSR

5,450

1.1

Ekl ; Ekl s; Kkl; Kkls;
Nyls; Upl; Upls

Kkldg; N y l ; Ny2

Pale deep sand

PSV

7,400

1.4

Ekls; Kkl; Kkls; Nyl;
Nyls; Pg3; Pg5; Sh2; Upls;
Up6

Kkldg

PSE

150

<0.1

Pgl

La2

Kkldg

S H A L L O W SANDS

DEEP SANDS
Brown deep sand

Nw2

GSE

150

<0.1

Up5

PSR

100

<0.1

Tm2

UDF

150

<0.1

Nw3; Nw6

GSV

3,000

0.6

Ekl ; Kk 1 s

<50

<0.1

Pgl

UDF

<50

<0.1

Nw3

Pale sandy earth

NEU

350

<0.1

Kkls

Yellow sandy earth

PSS

Yellow deep sand

PSE

Kkl; Kkldg
Nw4

SANDY EARTHS
1,800

Kkl

0.3

* For a description o f the soil group qualifier see Schoknecht (2002) which is provided on the CD-ROM
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A p p e n d i x 1 Soils a n d m a p units (continued).
Soil Group

Qualifier
*

Area (ha)

% of
survey

map units where
>5% o f map unit

map units where
<5% o f map unit

Chi; Cb2; Cb4; Dt2; Dt3;
Dt4; Ek3; Kk2; Kk4; Nwl;
Nw2; Ny2; Ny3; Pgl; Pgls;
Pg2; Pg5; Pg6; Sh2f; Tnl;
Tn2; Tn3; Tm3; Up2; Up3;
Up4; Up5; Up6

Cb3; Ek2; La2; Upl

L O A M Y DUPLEXES
Alkaline grey
PSS
shallow loamy
duplex

41,800

8.1

SSS
PSS

250
10,600

<0.1
2.1

Dt2; Dt3; Dt4; Ny3; Up3

PSS

800

0.2

Cbl

PSS

11,750

2.3

Ek3; Kk2; Kk3dd; Ny2;
Ny3; Pg5; Tm3; Tn2; Up2

PSS

50

Alkaline red
shallow loamy
duplex
Brown deep loamy
duplex
Grey shallow
loamy duplex
Red deep loamy
duplex
Red shallow loamy
duplex
Yellow/brown
shallow loamy
duplex
L O A M Y EARTHS
Brown loamy earth

La2
Ek2; Kk2; Nw4; Tn2;
Up2

Ekl; Ek2; Up3; Up4

<0.1

Ek2
Ek2; Ny2; Tn2; Up2;
Up3
Nw2; Nw4; Up2; Up3

NEU

2,600

0.5

PSS

2,800

0.5

Cbl; Nwl; Pgls

SSS
PSS
SSS

3,500
2,450
24,650

0.7
0.5
4.8

Dt2; Dt4; Kk3sd; La2; Ny3

ALK
PSS
PSS
WSS
UDF

1,050
750
2,250
150
<50

0.2
0.1
0.4
<0.1
<0.1

Dt2; Dt3; Dt4; Ek3; Kk3sd;
Kk3u; Kk4; Lallf; Lalsl;
La2; N w l a; Ny3; Pgl; Tn2
Lallf; Sh2
Nwl
Ek3; Tn2
Nw2
Nw6

CLK

4,750

0.9

Cb3; Cb4; Ek4; Ny3; Tm3

CLK

1,550

0.3

Cbl; Cb2; Ek2; Dt3;
Dt4;Nwl; Up2; Up3
Dt2; Up2

NON-CRACKING CLAYS
Grey non-cracking
CLK
clay

5,350

1.0

Kk2; Pgls; Pg2; Pg5; Tnl

Cbl; Cb2; Nwl; Tn2;
Up2; Up3

SAL
UDF
CLK
CNE
UDF

850
50
3,300
<50
<50

0.2
<0.1
0.6
<0.1
<0.1

Ny3
Pg6
Dt4; Pg6

Calcareous loamy
earth

Loamy earth
supergroup
Red loamy earth
CRACKING CLAYS
Hard cracking clay
Self-mulching
cracking clay

Red/brown noncracking clay

Kkl; La2; Pg2
Cbl; Cb2; Cb3;
Lal sal; Ny2; Pg2;
Sh2f; Tnl; Up2; Up3

Tnl

Nw4
Dt3; NW4; Up2; Up3
Tm3

Nw6

* For a description o f the soil group' qualifier see Sehoknecht (2002) which is provided on the CD-ROM
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Appendix 2. Botanical species
Botanical and common names o f plant species found in the survey area are listed below.
Botanical name

Common name

Botanical name

Common name

Acacia acuminata

jam

Eucalyptus kondininensis

Kondinin blackbutt

Acacia pukhella

prickly Moses

Eucalyptus longicornis

red morrel

Adenanthos cuneatus

Eucalyptus loxophleba

York gum

Agonis sp.

Eucalyptus occidental's

flat topped yate

Allocasuarina httegeliana

rock sheoak

Allocasuarina humulis

low sheoak

Eucalyptus occidental's var.
stenantha

Atriplex exilifolia

Eucalyptus oleosa

red mallee

Atriplex hymentheca.

Eucalyptus pileata

capped mallee

Atriplex paludosa

Eucalyptus platypus

moort

slender banksia

Eucalyptus pluricattlis subsp.
porphyrea

purple-leaved mallee

bull banksia

Eucalyptus redttnca

black marlock

Eucalyptus salmonophloia

salmon gum

nodding banksia

Eucalyptus salubris var.
salubris

gimlet

Banksia attenuata
Banksia caleya
Banksia grandis
Banksia media
Banksia nutans
Banksia prostrata
Ban ksia repens

Eucalyptus scyphocalyx

Banksia sphaerocarpa

Eucalyptus spathulata subsp.
spathulata

swamp mallet

Eucalyptus spathulata subsp.
grandiflora

swamp mallet

Eucalyptus tetragona

blue mallee

Eucalyptus transcontinentalis

redwood

Callistemon sp.
Call/iris glaucus,
Call/iris roei

•

Calothamnus quadrifidus

one sided bottlebrush

Calystrix roe/
swamp sheoak

Eucalyptus uncinata

DavieSia peetinala var.
decipifns

thorny bitter pea

Eucalyptus xanthonema

Dryandra sessilis

parrot bush

Exocarpos aphylla

Casuarina obesa

Eucalyptus wandoo

Dryandra falcata -

Eucalyptus qlbida

Gastrolobium densifolium

Eucalyptus anceps
Eucalyptus annulata

open-fruited mallee

Gastrolobium parviflorum
var. revolutum

Eucalyptus astringens

brown mallet

Gastrolobium reticulatum

Eucalyptus- eremophila
Eucalyptus--fakata

centipede bush

Gastrolobium spinosa
silver malice

Grevillea eriostachya

flame grevillea
Newbey's grevillea

Eucalyptus flocktoniae

merrit

Grevillea newbeyi

Eucalyptus gardneri

blue mallet

Hakea baxterii
Hakea bifurcata

Eucalyptus hypochlamydea
Eucalyptus incrassata

wandoo

Hakea corymbosa

lerp mallee

k, •
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A p p e n d i x 2 B o t a n i c a l species (continued).*

Botanical name

Common name

Botanical name

pincushion hakea

Melaleuca halmaturorum

Hakea crassifolia
Hakea laurina

Melaleuca cucullata

Hakea margin ata

Melaleuca lateriflora

Hakea petiolaris
Hakea preissii

Melaleuca pentagona
prickle bush

Melaleuca preissiana

Hakea trifurcata

Melaleuca uncinata

Hakea varia

Melaleuca undulata

Isopogon buxifolius

Melaleuca urceolaris

Isopogon polycephalis

Nuytsia floribunda

Jacksonia sternbergiana

Common name

stinkwood

broombush

Christmas tree

Petrophile ericifolia

Kunzea recurva
Lasiopetalum rosmarinfolium

P etrophile serninuda
Santa/urn acumulatum

quandong
weeping quandong

Isopogon inermis

Santa/urn murrayanum
Templetonia sukata

lsopogon trilobus

Verticordia crysthantha

Melaleuca adnata

Xanthorrhoea preissii

Leptospermum erubescens

tea-tree
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Appendix 3. Laboratory analysis of soils
Samples of the most common soil types were submitted for physical and chemical analysis to
the Chemistry Centre of Western Australia. For description o f analytical methods see
Overheu et al. 1993 p. 93. Abbreviations used in the tables are as follows:

Al (CaC12)

per cent
Aluminium (Al) extracted in 0.01M CaC12

CaCO3

Calcium carbonate, soluble in dilute acid

CEC

Cation Exchange Capacity

Exchangeable cations

EC (1:5)

Al (Aluminium) Ca (Calcium) Mg (Magnesium) Mn (Manganese) K (Potassium)
Na (Sodium)
Three methods were used depending on the soil pH
a. Soil pH 6.5-8.0 - extracted in 1M NRICI pH 7.0
b. Soil pH <6.5 - extracted in 0.1M BaCb
c. Soil pH >8.0 - extracted in 1M NH4C1 pH 8.5
Electrical conductivity (1:5) at 25°C

K (HCO3)

Potassium extracted in 0.5M NaHCO3 (1:100)

me%
mL/g

milliequivalents per cent (milliequivalents per 100 g o f soil))
millilitres per gram

mS/m

milliSiemens per metre

Org C W/B

Organic carbon, Walkley and Black method

P HCO3

Phosphorus, extracted in 0.5M NaHCO3(1:100)

P PRI

Phosphorus Retention Index

P Total

Phosphorus, total

Particle size analysis

Separation o f particles less than 2 mm in diameter

pH H20 1:5

pH measured in water

pH CaCl2

pH measured in 0.01M CaC12

ppm
N Total

parts per million
Nitrogen, total
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Land Resources Series Reports
No. 1.

Land capability assessment methodology for rural-residential development and
associated agricultural land uses (1989)

No. 2.

Land capability study o f the shires of Mandurah and Murray (1989)

No. 3.

Darling Range rural land capability study (1990)

No. 4.

Geraldton rural-residential land capability study (1990)

No. 5.

Busselton, Margaret River-Augusta land capability study (1990)

No. 6.

Land capability study for horticulture in the Swan Valley (1991)

No. 7.

Soils o f the Mount Beaumont area (1996)

No. 8.

Esperance land resource survey (1993)

No. 9.

Land resources study o f the Carnarvon Land Conservation District and part of
Boolathana Station, Western Australia (1992)

No. 10.

Soils and landforms of the Manjimup area (1992)

No. 11.

Land resources o f the Northam region (1993)

No. 12.

Land resources o f the Bencubbin area (1995)

No. 13.

Geraldton region land resources survey (1996)

No. 14.

Wellington-Blackwood land resources survey (1996)

No. 15.

Soil assessment o f the West Gingin area (1996)

No. 16.

Katanning area land resources survey (2000)

No. 17

Lower Gascoyne (2003)

No. 18

Nyabing-Kukerin land resources survey

Maps accompanying these reports can also be purchased separate from the reports.

Other land resource maps
Land Resources o f the Peel-Harvey North Region
Land Resources of the Peel-Harvey South Region
Maps and reports are available from
Department o f Agriculture, Western Australia
3 Baron-Hay Court
South Perth WA 6151
Some copies are also held in local Department o f Agriculture offices.
Credit card sales can be arranged by telephoning 08 9368 3710.
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Land Resources Series reports
Other Department of Agriculture land resource maps
Land resource surveys completed by other organisations

—

— Boundary of agricultural area
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-Albany
Land Resources Report series
2
3
4
5
6
7
8
10
11
12
13
14

Land capability study of the shires of Mandurah
and Murray
Darling Range rural land capability study
Geraldton rural-residential land capability study
Busselton-Margaret River-Augusta land capability study
Land capability study for horticulture in the Swan Valley
Soils of the Mount Beaumont area, Stages I and II
Esperance land resource survey
Soils and landforms of the Manjimup area
Land resources of the Northam region
Land resources of the Bencubbin area
Geraldton region land resources survey
Wellington-Blackwood land resources survey

15
16
18
19
20
21
22
23
24
25
26
27

Soil assessment of the West Gingin area
Katanning area land resources survey
Nyabing-Kukerin area land resources survey
Tonebridge-Frankland area land resources survey
Corrigin area land resources survey
Tambellup-Borden area land resources survey
Ravensthorpe-Esperance-Salmon Gums area land
resources survey
Three Springs area land resources survey
Dandaragan area land resources survey
Chittering area land resources survey
North Coastal Plain land resources survey
Jerramungup area land resources survey

